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PREFACE 

A study of crew appliances for advanced spacecraft is being performed for 
NASA JSC by the Boeing Aerospace Company under Contract NAS 9-13965. A 
large number of appliance concepts for the galley, personal hygiene, 
housekeeping, and other areas have been investigated for application to 
the Shuttle Orbiter and Modular Space Station missions. This document 
presents the background to and results of trade studies to determine the 

■ m . 

optimum appliance systems for these two vehicles. 

An index file containing abstracts for 299 appliance-related documents 
was developed during the initial literature search for this study. The 
original file will be delivered to and retained by NASA. 

Due to the large volume of library references and appliance engineering 
data used for the trade studies, it was necessary to present the supporting 
information to the concept report in separate appendices as follows: 

APPENDIX A - In this appendix, the complete bibliography used for the 

appliance study is listed in three forms: numbered, alpha- 

betized, and sorted by subject matter. 

APPENDIX B - This appendix contains the supporting engineering data 
used for all appliance concepts considered for Shuttle 
Orbiter, including plotted and tabulated trade study 
results for each appliance function. 
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• • 

APPENDIX C - This appendix contains the supporting engineering data used . 
for all appliance concepts considered for Modular Space 
Station, including plotted and fabuTated trade study results 
for each appliance function. 
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1.0 INTRODUCTION 

A large number of crew appliance concepts have been studies for applicability 
to the Modular Space Station and Shuttle Orbiter spacecraft, and detailed 
trade studies of the various concepts were conducted to choose the optimum 
appliance systems for both vehicles. Due to the volume of data used for 
the appliance trade studies, it was necessary to present the supporting 
information to the concept report in separate appendices. In this appendix 
are included all the engineering data collected for the appliances considered 
for Shuttle Orbiter, as well as plotted and tabulated trade study results 
for each appliance function. 

A crew appliance system organization chart was constructed, Figure Bl-1, 
to thoroughly and orderly establish an appliance system. The appliance 
concepts considered for Shuttle Orbiter were categorized within this system 
as listed in Figure Bl-2. The engineering data and trade study results for 
the appliance concepts evaluated are presented in this appendix in the 
order given in Figure Bl-2. All the appliance data apply to a four-man 
mission, with the baseline mission ground rules and assumptions given in 
Figure Bl-3. The basic mission considered for Shuttle Orbiter was 20.5 days. 
The Shuttle Orbiter timeline used is illustrated in Figure Bl-4. 

The data used for trading alternate appliance concepts are presented in 
Section 2 of this appendix. The format used in the data presentation is 
as follows: 

Top Sheet Description . This data sheet gives a description of the appliance 
function with the assumptions made for computing appliance size and penalties 
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1.0 


FOOD MANAGEMENT 

1.1 FOOD STORAGE 

1.1.1 Ambient Food Storage 

1.1. 1.1 Rigid Containers 

1.1. 1.2 Flexible Containers 

1.1.2 Refrigerated Food Storage 

1.1. 2.1 Space Radiator 
1.1.2..^ Thermoelectric 

1.1. 2.S Air Cycle Turbine/Compressor 

1.1.3 Frozen Food Storage 

1.1.3 ..1 Space Radi ator 

1.1. 3. 2 Thermoelectric 

1.1. 3.3 Air Cycle Turbine/ Compressor 

1.2 FOOD PREPARATION 


1.2.il 


Food Rehydration 


1.2.2 Food Warming 


1.2. 2.1 Heating Trays (Skylab) ■ 

1.2. 2. 2 Oven - Hot Air Convention (Electric Heat) 

1.2. 2. 3 Oven - Mi crov/ave 


1.3 GALLEY CLEANUP 


1.3.1 Pi shv;asher/Dryer Combi natl on 

1.3. 1.1 Hot Water Spray - Centrifuge Drying 

1.3. 1.2 .Hot Water Spray - Air Spray Dry 

1.3.1. 3 Hot Water Spray Wash - Force Hot Air 

Electric Heat Dry 

1.3. 1.4 Hot Water Spray Wash - Forced Cold Air 

Desiccant 

1.3. 1.5 Hot Water Spray Wash - Forced Hot Air 

Dry - Thermal Storage 


1.3. 1.6 Ultrasonic VJash - Centrifuge Drying 

1.3. 1.7 Ultrasonic Wash - Forced Hot Air 

Electric Dry 

1.3. 1.8 Ultrasonic Wash - Force Cold Dry Air - 

Desiccant, Electrically Desorbed 

1.3. 1.9 Ultrasonic Wash - Force Hot Air Dry - 

Thermal Storage 

1.3.1.10 Manual Wash - Manual Wipe Dry 

1.3.2 Oishwasher/Dryer with Dishes 

1.3. 2.1 Hot Water Spray - Centrifuge Drying 

1.3. 2. 2 Hot Water Spray - Forced Hot Air Electric 

Heat Drying 

1.3. 2. 3 Hot Water Spray - Forced Air/Desiccant/ 

Electrically Heated 

1.3. 2. 4 Manual Wash - Manual Wipe 

1.3. 2. 5 Disposable Cups - Reusable Metallic 

Utensils and Dishes 

1.3. 2. 6 Disposable Cups and Nonmetallic Dishes - 

Reusable Metallic Utensils 

1.3. 2. 7 Disposable Cups and Nonmetallic Utensils - 

Reusable Metallic Dishes 

1.3. 2.8 Disposable Cups and Nonmetallic Utensils 

and Dishes 

1. 3.2.9 Reusable Cups and Metallic Utensils 

and Dishes 

1.3.2.10 Reusable Cups and Metallic Utensils - 

Dis posable Nonmetallic Dishes 

1.3.2.11 Reusable Cups and Metallic Dishes - 

Disposable Nonmetallic Utensils 

1.3.2.12 Reusable Cups-Disposable Nonmetallic 

Utensils and Dishes 

2.0 PERSONAL HYGIENE 

2.1 WASTE COLLECTION/TRANSFER 

2.1.1 Fecal Col lection /Transfer 


Figure Bl-2. Crew Habitability and Appliance Functions and Concepts 
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2. 1.1.1 Dry John 

2.1.1. 2 Dry John - Anal Wash 

2. 1.1.3 Germicide - Wet John 

2.1. 1.4 Integrated Vacuum Decomposition 

2. 1.1. 5 Flush FI ov/ O 2 Incineration 

2.1. 1.6 Pyrolysis/Batch Incineration 

2. 1.1.7 Wet Oxidation 

2. 1.1. 8 Semiautomatic Bag System (Skylab) 

2.1. 1.9 Dry Bags (Apollo) 

2.1.2 Urine Collection/Transfer 

2.1.2.1 Standup Urinal 

2. 1.2. 2 Commode Urinal 

2. 1.2.3 Intimate Male Adapter Urine (Skylab) 

2. 1.2. 4 Aperture Urinal 

2. 1.2. 5 Liquid/Gas Flow Cuff Type (Apollo) 

2.1.3 Vomitus Collection/Transfer 

2.1.3. 1 Disposable Intimate Personal Adapter 

(Mates with Commode) 

2. 1.3.2 Reusable Irtimate Personal Adapter, Lined 

(Mates v/ith Commode) 

2.1.3. 3 Disposable Portable Collector 

2. 1.3.4 Reusable Portable Collector 

2.2 BODY CLEANSING 

2.2.1 Whole Body Shov/er 

2. 2. 1.1 Vacuum Pickup 

2.2. 1.2 Air Drag (Evaporative) 

2. 2. 1.3 Mechanical (Towel Pickup) 

2. 2.1.4 Collapsible 

2.2.2 Partial Body Washing 

2.2. 2.1 Disposable Wet Wipes 

2.2.2.2 Reusable Wet Wipes 

2.2.2. 3 Disposable Wipes (Prepackaged) 

2. 2. 2. 4 Automatic Sponge 


2. 2.2. 5 Reusable Washcloths 

2. 2. 2.6 Disposable Washcloths (Skylab) 

2.2.3- Partial Body Drying 

2. 2.3.1 Reusable Dry Wipes 

2. 2. 3. 2 Disposable Dry Wipes 

2. 2. 3. 3 Electric Dryer 

2.3 PERSONAL GROOMING 

2.3.1 Shaving 

2. 3. 1.1 Wet Shave - Safety Razor and Cream 

2. 3. 1.2 Dry Shave - Electric Razor/Vacuum 

Collection 

2. 3. 1.3 Dry Shave - Windup Razor (Skylab) 

2. 3. 1.4 Dry Shave - Vacuum Motor-Driven Razor 

2. 3. 1.5 Wet Shave - Safety Razor/Vacuum 

Collection 

2.3.2 Hair Cutting 

2.3.2. 1 Electric Clipper/Vacuum Collection 

2. 3. 2. 2 Razor-Comb/Vacuum Collection 

2.3.3 Nail Care 

2. 3. 3.1 Manual Nail Clipper/Bag Collection 

2.3.3. 2 Metal Nail File/Vacuum Collection 

2.3.4 Dental 

2.3. 4.1 Toothbrush with Dentifrice 

2. 3. 4. 2 Water Pix 

2. 3.4.3 Electric Toothbrush with Dentifrice 

3.0 HOUSEKEEPING 

3.1 EQUIPMENT CLEANING 

3.1.1 Surface Wiping 

3. 1.1.1 Disposable Wet/Dry Wipes 
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3. 1.1. 2 Reusable Wet/Dispos able Dry Wipes 

3. 1.1. 3 Disposable Wet/Dry Wipes (Prepackaged) 

3.1. 1.4 Automatic Mop 

3. 1.1.5 Reusable Cleaning Cloths/ Disposable Dry 

Wipes 

3. 1.1. 6 Disposable Cleaning Cloths/Disposable Dry 

Wipes 

3. 1.1. 7 Disposable Wet VJipes/Reusable Dry Wipes 

3.1. 1.8 Reusable V/et/Dry Wipes 

3. 1.1.9 Reusable Cleaning Cloths/Dry Wipes 

3.1.1.10 Disposable Cleaning Cloths /Reus able Dry 

Wi pes 

3.1.1.11 Sponges 

3.1.1.12 Sponges/Skylab Wetting Unit 
3.2 REFUSE MANAGEMENT 

3.2.1 Manual Collection 

3.2. 1.1 Waste/Trash Bags 

3.2. 1.2 Waste ReceptaGles/Reusable 

3.2. 1.3 Waste Receptacles/Disposable 

3.2.2 VacuuiTi Collection 

3.2.2. 1 Portable Vacuum/Electric (Skylab) 

3. 2.2. 2 Portable Vacuum/Eleetric (Commercial) 

3. 2.2.3 Portable Vacuum/Space Venting 

3.2.3 Refuse Transfer 

3.2.4 Refuse Processing 

3. 2.4.1 Compactor 

3.2. 4. 2 Shredder 

3. 2. 4. 3 Incinerator 

3. 2. 4. 4 Integrated Vacuum Decomposition 

3.2. 4. 5 Flush Flov/ 02 Incineration 

3.2. 4. 6 Pyrolysis/BatGh Incineration 

3. 2. 4. 7 Wet Oxidation 

3,2.5 Refuse Disposal /Storage 
3.2. 5.1 Vacuum Storage 

Figure Bl-2. 


3. 2. 5. 2 Storage Bin/Container 

3. 2. 5. 3 Restorage/Biological Stabilized 

3. 2. 5. 4 Trash Rocket 

3.3 GARMENT/LINEN MAINTENANCE 

3.3.1 Garment/Linen Washing 

3.3. 1.1 Mechanical Oscillations 

3. 3. 1.2 Fluidic Agitation 

3.3. 1.3 Piston Agitation 

3.3. 1.4 Cyclic Valve and Pump 

3. 3. 1.5 Diaphragm Actuated - One Directional 
Squeeze 

3. 3.1. 6 Dicphragm Actuated - Two Directional 
Squeeze 

3. 3. 1.7 Water Spray Agitated 

3.3. 1.8 Ultrasonic 

3. 3. 1.9 Manual Washboard 

3.3.1.10 Plain Recirculation 

3.3.2 Garment/Li nen/Dryi nq 

3. 3. 2.1 Forced Hot Air - Electric 

3. 3. 2. 2 Forced Hot Air - Heat from Thermal Storage 
Unit 

3.3. 2.3 Force Cold Dry Air - Desiccant - Vacuum 
Regenerable 

3. 3. 2. 4 Force Cold Dry Air - Desiccant - Heat 
Regenerable 

3. 3. 2. 5 Vacuum Dry 

3.3. 2.6 Thermal Vacuum Dry - Electric Heat 

3. 3. 2. 7 Thermal Vacuum Dry - Thermal Storage/ 

Radiant Heat 

3. 3. 2. 8 Clothesline - Forced Convection 

3. 3. 2.9 Clothesline - Forced Convection plus 
Electric Heat 

3.3.3 Garment/Linen VJasher/Dryer-Disposable Clothes 

3. 3. 3.1 Fluidic Agitation/Forced Hot Air - Electric 
Heater 

Appliance Functions and Concepts (continued) 
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Hand Exerciser 


3. 3.3.2 Fluidic Agitation/Forced Hot Air ^ 

Thermal Storage Heated 

3.3. 3. 3 Fluidic Agitation/Forced Air Drying - 

Clothesline 

3. 3. 3. 4 Fluidic Agitation/Forced Air Drying - 

Clothesline 

3. 3. 3. 5 Water Spray Agitation/Fdrced Hot Air 

Electric Heater 

3. 3.3. 6 Water Spray Agitation/Forced Hot Air - 

Thermal Storage Heater 

3. 3. 3. 7 Water Spray Agitation/Forced Air 

Drying - Clothesline 

3. 3. 3. 8 -Water Spray Agitation/Electrically 

Heated - Clothesline 

3. 3. 3. 9 Disposable Clothes 

3.4 WASH WATER PROCESSING 
14.0 OFF-DUTY ACTIVITIES 

4.1 ENTERTAINMENT 

4.1.1 Music 

4. 1.1.1 Cassette Player/Recorder 

4.1.2 Library 

4. 1.2.1 Books 

4.1.3 Television 

4.1.4 Games 

4. 1.4.1 Handball 

4. 1.4. 2 Dart Board 

4. 1.4. 3 Cards 

4.2 PHYSICAL CONDITIONING 
4.2.1 Exer-gym 


4.2.2 

5.0 MEDICAL 

5.1 STERILIZATION 

5.1.1 Autoclaves 

5. 1.1.1 Moist Heat 

5. 1.1.2 Dry Heat 

5.1. 1.3 Ethylene Oxide 

5.2 PHYSICAL MONITORING 
5.2.1 Ergometer 


Figure Bl-2. Crew Habitability and Appliance Functions and Concepts (concluded) 


D2-118561-2 


D2-110561-2 


SHUTTLE MISSION BASELINE 

0 150,000 POUND ORBITER j 

0 BASELINE MISSION 

- 42 MAN-DAYS (3-6 MALE/ FEMALE CREW FOR 7 DAYS) 

- 4 MAN NOMINAL MISSION 

0 VEHICLE SYSTEM CAPABILITY 

- 42 MAN-DAYS + 96-HOUR CONTINGENCY FOR UP TO 10 CREWMEN 

(40 MAN-DAYS) 

* 

SHUTTLE IMPOSED REQUIREMENTS ON THE APPLIANCE SYSTEM 
0 ALL MISSIONS WILL USE SAME HABITABILITY FUNCTIONS 
0 GRAVITY - ZERO TO ONE EARTH GRAVITY 
0 ATMOSPHERE ‘ i 

- PRESSURE 14.7 PSIA 

- COMPOSITION 3.2 PSIA O 2 

11.5 PSIA N 2 

- CO 2 CONCENTRATION 0-7.6 mm Hg 

0 TEMPERATURE 

- RANGE (DRY BULK) F0“-80'’F 

4 MEN (DESIGN PT. ) 70” F 

10 MEN (DESIGN PT.) 80” F 

- DEWPOINT 39” -6f F 

0 OPERATIONAL LIFE 

- TO YEARS/lOO ORBITAL MISSIONS/REPLACEABLE UNIT CONCEPT 
• 0 GENERAL 

- GAS VENTING ALLOWED/NONPROPULSIVE 

- LIQUID VENTING SHALL BE MINIMIZED/NONPROPULSIVE 

- JETTISON OF SOLIDS/SOLID WASTES SHALL NOT BE ALLOWED. 

- NO MEDICAL SAMPLING REQUIRED OF FECES/URINE 

SHUTTLE TIMELINE 


0 NOMINAL CREW TIMELINE (SEE FIGURE Bl-4) 

- WORK (INCLUDING OFF-DUTY) - 13 HOURS 

- EAT - 3 HOURS 

- SLEEP - 8 HOURS 


REFERENCE MSC 07896,' "SPACE 
SHUTTLE SYSTEM BASELINE 
REFERENCE MISS IONS- VOLUME 11" 


Fi giire Bl-3 . Shuttle Orbi tef Basel ine Mi ssi on 
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PHASING 

LAUNCh I plane CHAt<GE 


. ,■ .. ■ .^ESdarkness 

, DAYLTGirr 

iST COELLIPTIC 2ND . 
CORRECTION ; . COELLIPTIC 

TV,, 1 HEIGHT j 

ir ADJUST CORRECTIVE „ 


COK3IffATIOH ; 


10 . 12 .14 

Time from lift-off,- hr 


16 18 20 22' 


SERVICIHG r 

OPERATIONS eat 


SEPARATION 

■ • • UNDOCK 

EAT SERylClNG OPERATIONS .rai l 


28 • 30 


34 36 • 38 

Time from lift-off, hr 


40 42 44- 46 


CIRCULARIZATION 

OAII I BEGIN SORTIE 
. • OPERATIONS 


EAT : SORTIE- OPERATIONS £A 


t- 1 


58 60 62 

Time from lift-off," iir 


(a) Launch to 72 hours. 


Figure BI-4. Shuttle Orbiter Timeline 
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1.0 (Continued) 

iance Function Matrix . This table lists the following engineering data 
used for trading each appliance concept for a given appliance functions 

0 Appliance usage time 

0 Fluid consumables usage (e.g., amount of air or water lost to space) 
0 Fluid interface requirements (type of fluid, flow rate, temperature, 
pressure) 

0 Thermal requirement for maximum heat leak to cabin atmosphere and 
directly to the coolant circuit 
0 Average and peak AC and DC electrical power requirement 
0 Appliance total weight/volume penalty 

0 Development cost indicator based on state-of-the-art rating and 
concept complexity 

the thermal, electrical , weight, and volume requirements listed in the table 
represent the total penalties assumed for the appliance and used to trade 
against alternate concepts. For example, the weight tabulated for reusable 
washcloths for partial body washing includes an appropriate weight charge 
for a clothes washer and dryer assumed to clean the cloths. To see the 
detailed itemized breakdown of each of these penalties, the data worksheets, 
described later, should be consulted. 

Alternate Appliance Concept Rating Plots . In this figure is plotted the 
rating (based on zero mi ni mum and 100 maximum points) for each appliance 
concept traded for a particular appliance function. These plots were 
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[ i 1.0 (Continued) 

generated by the TRADE computer program described in the concept report, 
i Higher ratings indicate a more favorable concept based on the penalties 

[: considered and the weighting factors assumed, A curve is given for each 

appliance function. 

[: : 

Appliance Concept Selection Matrix . Four tables are included here giving 
the results of the computer trade and sensitivity analysis. These tables 
include the following: 

0 Selection matrix for a 20.5-day mission. This lists the weight,- 
power, volume, etc. rating and the summed total points for each of 
the concepts. The total points are adjusted proportionally to a 
scale of zero to 100 maximum points to yield the final comparative 
rating for each concept. 

0 Sensitivity analysis for a 20.5-day mission. This table lists the 
comparative rating for each appliance concept assuming the weighting 
facitor for each trade parameter (e.g. , weight, power, volume, etc.) 
is increased or decreased individually by: 50 percent while holding 
all other weighting factors constant. Thus, the sensitivity of the 
above trade to any single weighting factor may be seen. 

Component Reliabil ity /Maintenance/Safety List . This table itemizes the ^ 
types and number of components used for each appliance concept and the 
: ! number of items considered to be safety critical. Each component is 

i, I numbered to identify it in the component reli ability list given in 
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1.0 (Continued) 

Table Bl-1. This list itemizes the reliability data used for each 
component in the computer selection trades. 

Appliance Concept Description . Each concept is described verbany and 
a drawing presented where available. 

I ■ ■ ■ 

( - 

Appliance Concept Data Worksheets . Two data sheets are included here 
which itemize the weight, volume, power, thermal, and consumables penalties 
associated with each appliance concept. 
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TABLE Bl-1 


COMPONEUT FAILURE RATE AND REPAIR TIMES 


¥ 

COMPONENT 

NUMBER 

COMPONENT 

DESCRIPTION 

REFERENCE 

NUMBER 

FAILURE RATE 
(XxlO-6) FAILURES/ 
MILLION HOURS 

REFERENCE 

NUMBER 

REPAIR TIMES 
(MTTR) 
HRS/REPAIR 

1 

MOTOR 


3.8 


0.5+.2=.7 

2 

PUMP 


6.0 

254 

0.2+.25=.45 

3 

SOLENOID VALVE 

100 

0.72 

254 

0.1+.2=.3 

4 

ACCUMULATOR 

100 

0.01 

- 

0.5+.2=.7 

5 

ACCUMULATOR/ 

BLADDER 

251 

t77 

- 

0.5+.4=.9 

^ 6 

WATER SEPARATOR 

• 100 

1.20 

254 

0.2+.2=.4 

7 

i 

TRANSMISSION 

251 

1.50 

r " 

0. 5+. 1=.6 

I 8 

FLUIDIC SWITCH 

251 

1.61 

- 

1.0+. 1=1,1 

1 9 

FILTER 

251 

0.16 

- 

0. 1+. 2=. 3 

i 10 

i 

ELECTRIC SWITCH 

252 

5.74 

- 

0.2+.l=.3 

i 11 

PRESSURE 

REGULATOR 

100 

2.94 

254 

0.1+. 1=. 2 

12 

i/ALVE (GNg) 

100 

0.72 

254 

0.1+.2=.3 

13 

CONTROLLER 

251 

2.5 

254 

0.1+.3=.4 

14 

High frequency 

CONTROLLER 


UNK 


UNK 

15 

ELECTROACOUSTIC 

TRANSDUCER 

252 

86.2 

254 

0.1+.2=.3 

16 

HEAT EXCHANGER 

251 

0.23 

254 

0.2+.5=.7 

17 

HEATER- DC 

251 

1.0 

- 

0.2+.l=.3 

18 

BLOWER-AIR 

251 

10.89 

254 

0.2+.l=.3 

I 19 

'controller/ 

TIMER 

251 

2.5 : 1 ,, 

254 

0.1+.3=.4 

20 

iTHERMAL STORAGE 
ONIT (WAX) 

251 

.0.23 

- 

0.2+.5=.7 

j 21 

bESlCCANT 

,jCANISTER 

251 

0.21 


0.2+.5=.7 

; 22 

JCHECK valve 

251 

0.312 


0.1+.2=.3 

' :23 ■ : ; 

MANUAL VALVE 

251 

0.776 

- 

0.1+.2=.3 

24 

TEMPERATURE 
CONTROL VALVE 

251 

7.183 


0.1+.2=.3 

25 ^ 

RELIEF 

251 

0.212 


0.1+.2=.3 

’ 26 

RF GENERATOR 
(MAGNETON TUBE) 


UNK 


UNK 

27 

ACTUATOR 

252 

.024 


0.2+.5=.7 

28 

PRESSURE SWITCH 

251 

3.57 


0.1+.2=.3 
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HABITABILITY SUBSYSTEM Management 

APPLIANCE FUNCTIONS CONSIDERED 

1.1.1 Ambient Storage 

1.1.2 Refrigerated Storage- 

1.1.3 Frozen Storage 
1.2.2 Food Warming 

1.3.1 Dishwasher/Dryer Combination 

1.3.2 Dishwasher/Dryer w/Dishes 


DESCRIPTION 

The food management subsystem supplies all of the necessary functions for the 
storage and preparation of foods as well as the equipment required for the 
galley cleanup. Disposable dishes and utensils \/ere considered as alternates 
to cleanup equipment. The three types of food storage were identified as 
ambient (dry or liquid) , refrigerated, and frozen. The requirements for the 
food mix between these three categories are discussed later in this description. 

Food preparation functions include rehydration of dry food and warming of 
frozen food. No considerations were made for the preparation of food mixes 
or cooking of food. 

The cleanup equipment necessary to provide clean dishes and eating utensils 
for each crewmember for each meal was determined by first identifying the 
best mechanical cleaning systems and then comparing them against disposable 
dishes and utensils'. 

A large variety of spacecraft foods are available for crew consumption. These 
are typically divided into two major categories: wet (more than S% moisture 

content) and dry (less than Blmoisture content); The dry food is considered 
to be shelf stable at ambient temperatures. The wet food is divided into 
three categories: (1) sbelf stable at ambient temperature, (2) refrigerated, 

and (3) frozen. Obviously, a large variation in food mix could be chosen from i 
these basic types. The Apollo wet/dry food mix was 20/80. For Skylab, it 
was 30/70. The crew requirement for drinking water from the potable water 
system will vary depending on the amount of water in the food mix. Also, the 
vehicle weight/volume/power penalty will depend on the ^ type of food storage 
used— ambient, reffigerated, and frozen. To do a detailed optimization of the 
food system was beyond the scope of this study. Many of the decisions 
ifegarding food types depend on crew preference and psychological factors rather 
than strict weight/volume/power penalties. Consequently, it was decided to 
perform all the trades of food storage appliances based on the food mix used 
for Skylab. The weight and volume of frozen, refrigerated, and ambient storage 
food for Skylab is given in Table B2-1. 
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HABITABILITY SUBSYSTEM 1.0 Food Management (Continued) 


TABLE B2-1 

PLANNED Si(YLAB FOOD WEIGHT AND VOLUME 
(INCLUDING PACKAGING AND RESTRAINT) FOR 420 MAN-DAYS 


Food Type 

Total Fobd Size 

Number 

of 

Units 

Food Size 

Per Unit 

Weight 

kg 

(lb) 

Volume 
cum 
(cu ft) 

Weight 

kg 

(lb) ^ i 

Vol ume 
cum 
(cu ft) 

Frozen 

121 

0.299 


5 

24.1 

0.0598 


(266) 

(10.56) 



(53.2) 

(2.11) 

Refrigerated 

24.1 

0.0598 


1 

24.1 

0.0598 


(53.2) 

(2.U) 


» 

(53.2) 

(2.11) 

. Ambient Storage 

955. • 

2.60 

• 1 

T1 

i 87 

0.236 

i 

(2106.) • 

(91.7) 


• 

(192.) 

(8,34) 


These are the initial launch values for a planned 420 man-days. These values 
were multiplied by 82/420 to adjust for the 82 man-days for Shuttle assumed in 
this study. (Note that no contingency is accounted for in this ratio since 
the Skylab food weights already include the actual contingency used for the 
Skylab mission.) The resulting size required for Shuttle food storage is 
shown in Table B2-2. 


TABLE B2-2 

REQUIRED SHUTTLE FOOD WEIGHT AND VOLUME 
(INCLUDING PACKAGING AND RESTRAINT) FOR 82 MAN-DAYS 


Food Type 

Total Food Size 

Number of 
Shuttle Units 
Required 

Actual 

Number 

of 

Units 

Assumed 

Assumed Food Size 
per. Unit 

Weight 

kg 

(lb) 

Volume 
cu m 
(cu ft) 

Weight • 

kg 

(lb) 

Volume 
cu m 
(cu ft) 

Frozen 

23.6 

(52.0) 

0.0583 

(2.06) 

0.976 

1 

23.6 i 
(52.0) 

0.0583 

(2.06) 

Refrigerated 

4.72 

(10.4) 

0.0116 

(0.41) 

0.195 

1 

4.72 

(10.4) 

0.0116 

(0.41) 

Ambient Storage 

186. 

(411.) 

0.507 

(17.9) 

2.15 

v2: • 1 

93.2 

(205.5) 

0.253 

(8.95) 
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HABITABILITY SUBSYSTEM 1.0 Food Management (Continued) 


A number of different refrigeration systems were found discussed in the literature 
reviewed, including dry ice, water sublimation, cryogenic storage, precooled 
heat sink, vapor compression, space radiator, thermoelectric, and air-cycle 
turbine/compressor. These concepts were all reviewed for missions of 84 to 
2250 man-days, and only two (space radiator and thermoelectric) were found to 
be practical for space missions. Consequently, only the space radiator and 
thermoelectric concepts were examined in this study; and also, the air- cycle 
turbine/compressor was included for comparison since it represents a typical 
comm*;rcial aircraft system. Other types of refrigeration systems are available, 
such as Stirling and Brayton cycles. However, no information was found on 
application of these to spacecraft food chillers, so they were not included in 
the study. • • 
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t* 

HABITABILITY SUBSYSTE M Management 

HABITABILITY FUNCTION >"0°^ Storage 

APPLIANCE FUNCTION Ambient Food Storage 

NUMBER OF CONCEPTS' CONSIDERE D ^ 

ASSUMPTIONS 

% 

The ambient food storage caDacity assumed in this study was as follows (see 
food management description): 


Number of units 


2 


Individual unit packaged food weight 

93.2 kg 

205.5 

lbs 

Individual unit packaged food volume 

0 .253 cu m 

8.95 

cu ft 

Total packaged food weight 

186.4 kg 

411. 

lbs 

Total packaged food volume 

0.507 cu m 

17.9 

cu ft 
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y __iPPU >ANCE . ■ ; 

CONCEPT 

^ NO . C- O..H_C_E_P-JL 

I - RIGID 

, 2 • rLEXlBLE 




(*) 

1 - CABIN AIR 

(CIRCULATED), LITERS/SEC 

(FT^/MIN) 

2 - CABIN AIR ■ 

(LOST) , KG/HR 

(LB/HR) 

3 - OXYGEN 

(LOST) , KG/HR 

(LB/KR) 

4 - COOLING WATER 

(CIRCULATED), KG/HR 

(LB/HR) 

5 - HATER 

(lost) , KG/KR 

(LB/KR) 

6 - NITROGEN 

(CIRCULATED), KG/HR 

(LB/KR) 

7 - NITROGEN 

(USED) , KG/HR 

(LB/HS) 

8 - FREON 

(CIRCULATED), KG/HR 

(LB/HR) 

9 - WATER 

(PROCESSED) , KG/HR 

(LB/KR) 


(***)C0ST 


(**) AVAILABLE . INDICATOR 

(1) available 0-255 

(2) STATE OF THE ART 25-505 

(3) SOKE DEVELOPMENT REQUIRED 50-755 

(4) EXTENSIVE DEV. REQUIRED 75-1005 
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APPi-UMCE ' 

CONCEPT 

NO, .C 0 N C- E, P.,T. N.A. M-t— 

I.. - RIOIO 

2 • FLEXIBLE 

I 



Ambient Food Storage (Shuttle) Concept Trade 

B2-6 ■ • . . 




NUMBER OF OAt$ ■ 2°, 5 < ,06 YEARS » 

USES MOO subroutine 0 1 

thermal PENALTY • OIRECT TO COOLANT (LB/BTUH) *0250 

THERMAL .penalty--. CAO I N _HEAT..LEAK_ (LB/BT-UHI.- tOSSO 

POWER penalty (LBS/WATT) TYPE I l53o0 



Selecti on. Mat r ix « » » » » A>^BiENt food storace {shuttWei 

M2/15/7H) 



I O min Max'" concept 

i FACTOR. - VALUE— — — VALUE.! -PTS- --. I— — i ^ 

I O WEIGHT t.*ono i^.^on is ,03 

I VOLUME 20*300 27»900 10 .*00 2,72 

! OEV COST. , .00000 —10*000 _-l5 IB.OO- *do_ 


I . i O TOTAL PT ,00000 ■ ‘40,000 *tO 15,00 16,19 
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/ ' , i Al’I'l.lANCi; CONCU'T liCQUlRDiLNIS AIU) fLHALTlCj CALCULA1IONS 

cG!<ctey^J_J^J^lqid^...LPMLainer 


IML'EX liUIiUCU 


I .I.LL 


f. £ ?. I B. . 1 . £. k k £ 0 U E R • R E <1 U I, R _E_ H E H T S 


USE 11 ME 


A C , P 0 W E R 

0 0 OEMA:ll) 

PEAK ' AVERAGE 


COMPONEMT (REF) (HR) (WATTS) (MATTS) ' ©) 

/'i/A— 


n C P 0 H E R 

— ^ - 

0 0 OEMAim 

nrAi. Awn^r (WATT-HR/ 

PEAK AVERAGE CVCIE) 

(WATTS) (WATTS) (I)X0 



WATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


OPE RAT TON AL PiNALTI^E.S 

heat LEAK COOLANT ^ ELECTRIC;^ WEIGHT VOLUME 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK UATTS/CYCLE) (LB/HISSION) (FTVMISSION) 



watts/cycle WATTS/CYCLE 
(inU/llR/GYCLE) I BTU/HR/CYCLE) 


KG/HISSIOH 

(LB/MISSION) 


MVMISSTQM 

(rT'/HlSSIOH) 
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SPACECRAFT Shuttle 

Tboci * 

IIADITABILITY SUBSYSTEM Manag ei nont H ABITABILITY FUNCTION Food Storage 

APPLIAIICE FUNCTION Ambient Food Storage ^ 

APPLIANCE CONCEPT N0./TITLE • 2/F1exib1e Container ' 

INDEX NO. *1.1. 1.2 REF. NO. 177 

DESCRIPTION • 

In tTiis concept, an elastic netting material is used to retain the ambient 
•food within retractable guides. Structural weight is assumed, according to 
Reference 177, to be 10 percent of the v/eight for the rigid concept. Volume 
was estimated on the basis of each individual storage locker being cubical in 
shape with 1.27 cm (0.5 inch) effective wall thickness on all sides. 


I 
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. ! I APPIJANU: CONCtrr REQUIWt^MS (Vfl) OM.CUI Air'OUS 

CONCEPT 


1 liOLX HUMIlCR /, / f / 


COMPONENT ■ (REF) 



t k i C T \X 

1 £ k 

t £ )l t ll 

11 L Q. k i !l £ 

.WENT S 

t 



, 

AC. P 0 W 1 

: R 

D C 

P 0 W t R 


•LSHL^HE 

CYCLE 

(HR) 

© 

•PEAK 

(WATTS) 

© 

. _AVEP.Ani; 
(WATTS) 

-(•„■)- 
OLHANO 
(WAIl-llR/ 
CYCl L) 

(.&A@ 

© 

PEAK 

(WATTS) 

© 

AVt;RAC.C 

(WATTS) 

0) 

HCMAND 
(WAT I -HR/ 
CYCLE) 
0X0 


HAXIHUM 


TOTAL IWIliUM , « TOTAL 


I!i£.KHAL Riay.i R 



■ LATENT 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

SOURCE 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) ' 

(BTU/HR) 



TOTAL 


WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/im) 


SliR ^liON Al P£JiA L^TTli, 


SOURCE 

nJa 


HEAT LEAK 
(BTU/IIR/CYCLE) 


THERMAL 

TO COOLANT 
(BTU/HR/CYCLE) 


ELECTRICAL 
(PK WATTS/CYCLE) 


HEIGHT 

(LB/MISSIOH) 


VOLUME 

(rT’/HlSSlON) 




TOTAL 

WATTS/CYCT.E WATT ;'./CYGI I! A 

{UIU/IIR/CYCLE) (mU/llR/CYCLf.) 


KG/MI5CIOH 

{LU/HISSIOH) (IT'/MlSSlOli) 
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AmiANLC CUfian lil.QUlHtVLHI5 

/jHid hfci/n’ev 


Aim PuiALrii.s tAt.cui.AiicHS (comuntt)) 
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_C122)- 
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(LBS) 



VOLUME . 
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0^7 Z(o (i»C) 


KG (LBS) t 


\ 0.57S' {'^0^3 ) 

m3 (ft’) 


SOLID EXPENDABLE 


(3) 
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© @ ' ’© " ® 
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. E@ 


TOTAL WT/CYCLE 
(LB) 


TOT. WT/CYCLE 
. (LB) 


TOT.VOL/CYCLE 
(FT’) • 


E© 

TOTAL VOL/CYCLE 
(FT’) • 


KG (LB) 


■H'’'"(Ff^7” 


TYPE 


G A S/L ift U T 0 
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© 
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© 
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HABITABILITY SUBSYSTEM - 1.0 Food Management 

HABITABILITY FUNCTION 1.1 Storage 

APPLIANCE FUNCTION 1.1,2 Refrigerated Storage 


NUMBER OF CONCEPTS CONSIDERED_ 3 


ASSUMPTIONS 


The Shuttle refrigeration capacity assumed in 
(see food management description): 

Number of units 

Indiviva.ii unit packaged food weight 
Individual unit packaged food volume 
Total packaged food weight 
Total packaged food volume 


this study was as follows 


4.71 kg 
0-.0116 cu m 
4.71 kg 
0.0116 cu m 


1 

(10.4 lbs) 
(0.41 cu ft) 
(10.4 lbs) 
(0.41'cu ft) 


Refrigerator box insulation thickness was assumed to be 10.16 cm (4.0 in) 
for all concepts. 
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.^CONCEPT 

NO. 


concept name 
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CONCEPT NUMBER 


Refrigerated Food Storage (Shuttle) Concept Trade- 
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SAPETY 91.66 6’. 96 8.57 
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SPACECRAFT Shuttle . 

HABITABILITY SUBSYSTE M Food Management H ABITABILITY FUNCTION Food Storage 

APPLIANCE FUNCTION Refrigerated Storage ‘ 

APPLIANCE CONCEPT NO. /TITLE l/Space Radiator ‘ 

INDEX NO. 1. 1.2.1 REF. NO. 184, 255 ■ 

DESCRIPTION ■ < • 

This concept is simply an insulated food storage box, with coolant from the 
spacecraft ECS radiators routed through tubing .within the refrigerator 
walls. This concept was used for the Skylab refrigerator, which had the 
following size: 

, WEIGHT VOLUME 

/ ' . kg lb cu m cu ft 

Ifood capacity' (packaged and restrained) 24.1 53.2 0.0598 2.11 

Total ref ri gerator (empty) 45.8 101 0.210 7.41 

The Shuttle refrigerator was sized proportional to the above Skylab daca 
based on the refrigerator food capacity. The wall insulation was 10.16 cm 
(4.0 in) thick. It ,v/as assumed that the radiator coolant would be of 
; sufficiently. low temperature for this concept to be feasible. 
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CONCEPT -inr'O- Y i-l i n-4 -^r r ffr/gC; fill ov' 

» r I * r 


APPLIANCE CONCEPT REQlilREMENTS AND PENALTIES CALCULATIONS 


INDEX NUM.BEP 
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lkl£l£I£AL POWER RtaUiREMENXi 

A C > P 0 W E R i DC P 0 W E R j 

USE^ 


(D 

PEAK 

(WATTS) 

S'O 


AVERAGE 

(WATTS) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

.[tJ'iUr refn'^erc\h<r index NUMDE R /. A ^ 
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(LB) 


TOT. VOL/CYCLE 
(FT3) 
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©,*(3) 
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SPACECRAI'T 


Shuttle 


HABITABILITY SUBSYSTE M Food Management H ABITABILITY 
V^PPLIANCE FUNCTION Refrigerated Storage 
APPLIANCE CONCEPT NO. /TITLE 2/ThermoeTectric' 


INDEX NO. 


REF. NO. 184, 177 


DESCRIPTION- In this concept, the refrigerator has a self-contained cooling unit 
operating on the thermoelectric principle. Direct electrical current is passed 
through staged semi-conductor junctions arranged such that heat is removed at one 
$et of junctions (providing the cooling) and rejected at the other. The freezer 
engineering data used were taken from Reference 184 and 177, which were obtained 
from catalogue data for commercial units. The reference weight and volume were’ 
given separately for the freezer locker and the thermoelectric devices. To 
keep the concepts on a common basis, the weight and volume of the locker were 
assumed equal to the locker for the space radiator concept #1. 
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CONCEPT 
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A 

USE^NE 0 

CYCLE PEAK 


COMPONENT (REF) (HR) (WATTS) (WATTS) Q)XQ) (WATTS) , (MATTS) Q)X(2: 



POWER 


OEMAND 

(WATT-HR/ 


P 0 WER 


APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS 
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MAXIMUM 


TOTAL 


MAXIMUM 


* , TOTAL 


IHERMAL' re au ire me NT S 

LATENT SENSIBLE HEAT LEAK TO COOLANT 


SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR) 




TOTAL 



WATT (BTU/HR) WATT (BTU/HR) 


« 


(Jt^ 

WATT (BTU/HR) 
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APPLIANCE concept REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT Tnf-r hi P i> / f* fi-l >■/ r re{n‘^erinUr _ index number /. 1.^,2. 
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APPLIANCE CONCEPT REQUIREHENIS AND PENALTIES CALCULATIONS 
CONCEPT /)/r r.yc /(i ■fuyhhy e / Cofrl/irCiSOT X ^ cr ci{or 


INDEX NUMBER l.i. 2 .1 


" CIECTRICA L 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS. (CONCLUDED) 

CONCEPT /)ir rwr//^ J/n l>// ie./cotnf>rp^<-.or re-Tr/^craior INDEX NUMDER 1, 1. 2 . 
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) 

HABITABILITY SUBSYSTEM 1.0 Food Management 

HABITABILITY FUNCTION 1.1 Storage 

t. 

APPLIANCE FUNCTION 1.1.3 Frozen Storage • 

NUMBER OF CONCEPTS CONSIDERED 3 

ASSUMPTIONS . 

% 

The Shuttle freezer capacity assumed In this study was as follows (see 
food management description): 


Number of Units 

Individual unit packaged food weight 
Individual unit packaged food volume 
Total packaged food weight • 

Total packaged food volume ^ 


1 

23.6 kg 52, lbs 

.058 cu m 2.06 cu ft 

23.6kg 52. lbs 

.058 cu m .2 *06 cu ft 
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(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

( 4 ) EXTENSIVE DEV. REQUIRED 
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SPACECRAFT Shuttle • ‘ . 

HABITABILITY SUBSYSTE M Food Management H ABITABILITY FUNCTION Food Storage 

Ai’PLIANCE FUNCTION Frozen Storage . 

APPLIANCE CONCEPT NO. /TITLE 1/Space Radiator 

INDEX NO. i. 1.3.1 REF. NO. 184, 255 • 

DESCRIPTION • I 

This concept is simply an insulated food storage box, with coolant from the 
spacecraft ECS radiators routed through tubing within the freezer walls. 
This concept was used for the five Skylab food freezers, each of which had 
the following size: 



■ WEIGHT 

VOLUME 


' kg lb 

m^ ft^ 

Food capacity (packaged and restrained) 

24.1 53.2 

0.0598 2.11 

Total freezer (empty) 

45.8 101 

0.210 7.41 


The Shuttle freezer was sized proportional to the above Skylab data based 
on the freezer food capacity. The wall insulation was 10.16 cm (4.0 in) 
thick. It was assumed that the radiator coolant would be of sufficiently 
low temperature for this concept to be feasible. 
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APPUANCE CONCEPT REQUlRCMtNtS AND PENALTIES CALCULATIONS 


JNOEX NUMBER /. 1,3 . 1 


COMPONENT (REF) 

i I !m iuhMf.il cJl., 

■S£.a.Cf0.rii. 


ELECTRICAL 

PfiHER REauifiEMENTS 

AC. POWER 

D C POWER 

OSE^ME (Z) 

<i) 

DEMAND 



CYCLE 

PEAK 

AVERAGE 

(WATT-HR/ 

CYCLE! 

PEAK 

.AVERAGE 

(HR) 

• 

(WATTS) 

5'D 

(WATTS) 

®XC3) 

(WATTS) 

(WATTS) 




MAXIMUM 


TOTAL 


MAXIMUM 


( 1 ) 

DEMAND 


CVCLE) 
(0 


©X( 


, TOTAL 
r 


I H E R M A L' R i g U i R E M E N 1 S 


SOURCE 


Sox- hea-i- ksk. 

E lec-i r'ica I 


LATENT 

(BTU/HR) 


0 


SENSIBLE 

(BTU/HR) 


HL 


HEAT LEAK 
(BTU/HR) 

SLIM— 

__LZ1_ 


TO COOLANT 
(BTU/HR) 


iM. 


JL 


TOTAL 


_a 


WATT (BTU/HR) 


1 / 2/1 


WATT (BTU/HR) 


(-i?) 


WATT (BTU/HR) 


Am} 


WATT (BTU/HR) 


C 


SOURCE. 


OPERATIONAL 


PENALTIES * 

HEAT leak' TO COOLANT ELECTRICAL • HEIGHT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) , (PK WATTS/CYCLE) (LB/MISSION) 


VOLUME 

(FT’ /MISS ION) 




TOTAL 


HATTS/CYCLE 

(BTU/llR/CYCLE) 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


Kr, /MISSION 
(LB/MlSSlON) 


mvmission 

(FT3/H1SS10N) 
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CONCEPT 


.Jp.a c< l 


APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

rarli-nh r frc<?'ecr ' index number f. f, 2 - i 


LiAifi Mii’GHjyVOLUME REaUiREMENTS 

WEIGHT 

COMPONENT - V .(REF) (LBS) 

' ' 9 ^. 7 'j. 


VOLUME 

(FT*) 


1..2^ 


TOTAL 


dlA 

KG (LBS) 


<^7. 25)1 

M3 (FT3) ' . 


TYPE 


I, olid expendable WT/VOL REftUiREMENTS 


UNITS/CYCLE(REF) 


® 

WT/UNIT (REF) 
(PKG.HT/UNIT)(REF) 
(LB). 


. @ 

WT/CVCLE 


VOL/UNIT (REF) 
(PKG.V0L/UN1T)(REF) 
(FT*) 


VOL/CYCLE 

9.5.? 


! 


r(3)_^ 

total wt/cycle 

• (LB) 


TOTAL WT. . 

"hfssto'n ■ _ 


_ X __ 


_ X _ 



CYCLES/OAY 


DAYS/MISSION 


TOT. WT/CYCLE 
(LB) 

TOTAL V0L\. 
MISSION ” _ 


_ X _ 


_ X _ 



CYCLES/DAY 


DAYS/HISSION 


TOT. VOL/CYCLE 
(FT*) 



TOTAL VOL/CYCLT 
• (FT*) 




TYPE 


G A |/L T fi U i 0 


£X t l N 0 A Il k £ S 


R£aOiREMENTS 


® 

AMT.USED/CYCLE(REF) 
' (LB) 


RECOVERY 

FACTOR 


AMT.RECOVEREO/CYCLE 

d)X(|) 

(lbT 


AMT LOST/CYCLE 


E® 


■ E® 


TOTAL HT. . 

"RHlsToTr ‘ 


X X 

CYTUe/dAY “Wf/HISSION TCtAl lost/cyclC 

(t (3* 

\ 


■lb) 


(r <D 


kgITbT 
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SPACECRAFT Shuttle ■ • • 

HABITABILITY SUBSYSTEM Food Management H ABITABILITY FUNCTION Food Storage 

i 

APPLIANCE FUNCTION Frozen Food Storage ■ 

APPLIANCE CONCEPT NO./TITLE 2/Thermoe1ectr1c ’ 

INDEX NO. 1.1. 3. 2 REF. NO. 184. 177 . . 

DESCRIPTION:' In this concept, the freezer has a self-contained cooling unit 
operating on the thermoelectric principle. Direct electrical current is passed 
through staged semi-conductor junctions arranged such that heat is removed at 
onO set of junctions (pr viding the cooling) and Rejected at the other; The 
freezer engineering data used were taken: from Reference 184 and 177, which were 
obtained from catalogue data for commercial units. The reference weight and 
volume were given separately for the freezer locker and the thermoelectric 
devices. To keep the concepts on a common basis, the weight and volume of the 
locker were assumed equal to the locker for the space radiator concept #1. 
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'free'xer 

' t L t C T R 1 C.A L 


APPLIANCC CONCEPT REQUIREHENTS AND PENALTIES CALCULATIONS 


INDEX NUMBER 1 , 1.3 - 2. 


£ P- H £ E fi i P P i E £ ” i E I s 


USE^HE 

CYCLE 

(HR) 


A C . P 0 H E R DC POWER 

@ ® ^ DE^ID ® ® DEMAND 

PEAK AVERAGE ^CYCLEr^ AVERAGE 

(WATTS) (WATTS) ©XQ) (WATTS) (WATTS) ©X(7) 




TOTAL 



WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) 


» 



WATT (BTU/HR) 


OPERATIONA L PENALTIES 


• HEAT LEAK ^”^0 COOLANT ’ ELECTRICAL WEIGHT VOLUME 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) , (PK WATTS/CYCLE) (LB/HISSION) (FTVMISSIOII) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCl.UDEO) 

CONCEPT T/ieiriuo lcc.4- ri d freezer index number 


£ii£.0 WEJLG H T/V.0 L U M E 




COMPONENT • .(REF) 

'T'feY'MoeJec-ltlc. devices^ 

WEIGHT 

(IBS) 

itz 

FreeiLer locker onfj 

9^, 7- 


VOLUME 

(FT3) 

-7.2^ 



KG (LBS) 


M3 (FT3) . 


TYPE 


SOLID EX 
0N1TS/CYCLE(REF) 


PEN DAB LE WT/VOL R i J U i R £ H E N T S 

© © ® 

WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) 

(PKG.WT/UNIT)(REF) ©X© (PKG.V0L/UN1T)(REF) 

(LB). (LbT (FT3) 


VOL/CYCLE 



TOTAL WT. _ 
TTRsTOn 

X 


za> 

TOTAL WT/CYCLE 
• (LB) 

X 


TOTAL VOL/CYCLE 
(FT3) 

c 

, , 1 


CYCLES/DAV 

DAYS/MISSION 

TOT. WT/CYCLE 
(LB) 


KG (lb) 

TOTAL VOL , 




p 

r 

MISSION _ 

X 


X 

L 



CYCLES/DAY 

DAYS/MISSION 

TOT. VOL/CYCLE 

(FT'), 


MS (FT3) ~ 


■ ■ 




• * 


GAS/LiaUiD EXPENDABLES B, E ^ U T R E H E N T i 



© 

AMT.USED/CYCLE(REF) 

© 

■ © • 

® 


RECOVERY 

AMT. recovered/cycle 
®X(|) 

AMT LOST/CYCLE 
®-(|) 

TYPE 

' (LB) 

FACTOR 

• (LB) 

(LB) 



Total mt. 


WS?1W 


E® 



WltSTBT 

#. 


X ■ » • ♦ 

lAVs/MUTrofr" fO'TlL lostTcycU 

(r GS (LB) (s CD 

. V 


KG (LB) 
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/ . . •; • 

SPACECRAR Shuttle 

HABITABILITY SUBSYSTE M Food Management H ABITABILITY FUNCTION Food Storag e 

APPLIANCE FUNCTION Frozen Food Storage ■ . ’ - 

I ■ ' ' 

APPLIANCE CONCEPT NO. /TIJLE 3/Air-c.vc1e turbine/compressor ^ 

INkx NO. 1.1. 3. 3 REF. NO. 184 

DESCRIPTION:' In this concept, air is aTternately compressed and expanded in 
alclosed refrigeration cycle. This concept was included for comparison since 
it represents a typical commercial aircraft system. In an aircraft, ram 
air is used to cool the heated working fluid, whereas in the spacecraft system 
a motor and fan are used. • 
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. . APPUANCE CONCCm RKQUlRCt 

CONCEP T H'lr c. c. /c- jg r Iji'n eye o»i pret>Sor ■l-'i 


APPli/lNCE CONCEPT REQUIREMENTS AfiD PENAL TIES CALCULATIONS . , 

r c o-£ e r >ndex number_L>L-3.^ 


COMPONENT 


i t L£l£ J.C-* k EP.ML£ £kay,iP.ktlkiiT s 

AC. POWER : 0_C 

USE <D ® 

CVCLE peak average 

(REF) (HR) (WATTS) (WATTS) 


DEMAND 

(WATT-HR/ 

CYCLE) 

CDx® 


15^2M 


P 0 WER 


PEAK AVERAGE 

(WATTS) (WATTS) 


DEMAND 

(WATT-HR/ 

CYCLE) 

<i)x(2) 


MAXIMUM 


TOTAL 


MAXIMUM 


, TOTAL 


IHERMAL i R E ay. iE. eh E N T S 


SOURCE 


V lieir'i feo k 
Ek:ci:ri cal 


LATENT 

(BTU/HR) 

0 


-0- 


SENSIBLE 

(BTU/HR) 


■i3^35f<L 


HEAT LEAK 
(BTU/HR) 

2to_ 


TO COOLANT 
(BTU/HR) 

' 0 

.JJ3SA. 


TOTAL 


0 


WATT (BTU/HR) 

% 




WATT (BTU/HR) 




WATT (BTU/HR) 


WATT (BTU/HR) 


SOURCE. 


OPERATIONAL 


penalties 

• ELECTRICAL 


WEIGHT 


■ thermal 

HEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) , (PK WATTS/CYCLE) .B/HISSION) 


VOLUME 

(ftVmission) 


TOTAL 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


KG/KISSION 

(LB/MISSION) 


M’/MISSION 

(FT-'/HISSION) 
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APPLIANCE CONCEPT REQUIREHENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT /)ir cyr./(? ItQ-L'n e /c o wpre 5sor -TrecZi « r index numbe r Uf. 3 


COMPONENT • V 


£12.1.0 “ £i£!i!/v 0 L U M E E £ ftO.JLR E H E N T s 

.(REF) 


WEIGHT 

(LBS) 

■zas. 


TYPE 


VOLUME 

(FT>) 

7 ^ 


TOTAL 






SOLID expendable 
~ © 

^ WT/UNIT (REF) 

'A' (PKG. WT/UNIT) (REF) 

ONITS/CyCLE(REF) (LB) 


KG (LBS) 
H jy V 0 L 


M> (FT’) ' 


REaUiREMENTS 

WT/CYCLE VOL/UNIT (REF) 

®X<D (PKG.V0L/UN1T)(REF) 

• (LbT (FT’) 


© 

VOL/CYCLE 


TOTAL WT. . 
■RRSlW ‘ _ 

• 

> 

^(3) 

TOTAL WT/CYCLE 
. (LB) 

TOTAL VOL/CYCLE 
• (FT’) 


X 

X • 

r , ... “1 

TOTAL VOL _ 
MISSION “ _ 

CYCLES/OAY 

OAYS/MISSION 

X 

TOT. WT/CYCLE 
(LB) 

X 

kgITb) 

r 


CYCLES/DAY 

OAYS/MISSION 

TOT.VOL/CYCLE 

H’ (ft^) ; 


TYPE 




tota l wt. . 

TTRsnr 


6 A S/k i 4 0 15 . expendables REaOlREMENTS 

0 .•© 


© ® 

orrmrcpv AMT. RECOVERED/CYCLE AMT LOST/CYCLE 

AHT.USED/CYaE(REF) •- RECOVERY @X(|) 

> (LB) FACTOR (LB) (LB) 


E® 


' X X - • 

'■CVCLE'/OflV bAYS/HlSSION TBtAl lOSt/CYCLf 

(T ® 


L0 


(LB) 


Ce O 


KG (lb) 
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HABITABILITY SUBSYSTIEM 1.0 Food Management 

Habitability function i.p_ preparation ’ 

APPLIANCE FUNCTION 1.2.2 Warming 

NUMBER OF CONCEPTS CONSIDERED 3 

\ 

ASSUMPTIONS 

Since current planning in the spacecraft food system area does not include 
a requirement for cookingv the concepts considered in this section apply to 
food warming only and not cooking. In Reference 184, it is recommended, 
for planning purposes, to size ovens based on 80 percent of the maximum allotted 
frozen food per man-day. Based on the Skylab food mix which was assumed in 
this study (which contained approximately 100 lbs. of frozen food for 420 
planned man-days), this would result in a warming unit sized for 0.24 lbs. 
per man. This value is obviously low, due to the relatively short supply of 
frozen food in Skylab. Therefore, the design value of 0.8472 lbs. and 0.1696 
cu. ft. of food per man (Reference 184, 276) was assumed throughout this study 
to size the ovens. For Shuttle, the oven food capacity was therefore 3.4 lbs. 
and 0.68 cu. ft. Three meal warmings per 24 hours were assumed. To compare the 
food warming concepts on a common basis, the weight and volume of each food 
warming concept includes the weight and volume of the trays and tray rack 
associated with it. 
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APPLIANCE concept FUNCTION H*TI«IX 


INDEX N0« |r2,V •••• roOO NANHtNQ CSHUTTtE} 


CON CEPT U S A GE 

NO. t;he 


consumables aNo flop REQUIReHENTS 


thermal REOHTS 


ELEc P»*_fEOMTS ^t;Vol_REQmTS_ ^eTelOPHENT ^ESUPPL]^ 

^ ‘ “ 


aht. pk prr avg PWR 

_USE5/0AT TTPE _ used fLoP _ P^ESS TE«P COOLaNT hT LEAIC AC _ AC PeIGHT volume avail INoeX_^ PEISHT 

MRS/USE «•) •KG/USE- • •MMHG* »0EG C» •WaTTs* .WaTTS- DC OC -KG- -cO M- C*#! (*••) -<G- 

_iL8/USE.) f ) CPSlG? CD EG Fl ( B TU /H r ) _t0 T U/HR ) -P A TTS-_ _-WA T T S? (LbS) . CCU^FTl. (LBS) . 


0* I97i ^ 

0*) I 472.) 


197*0 ( BQ.4) ( R.BOl 


3.000. 

• 167 


o#j n i7o« ) •5e.ti^._*e&.o S9.3)^( 3*9o> 


Of 685.^ 

0.) ^23M0t ) 


279S.0 _2795.0 37.8 


*0 ( 82*9) ( R.70’ 


appliance 

_fiONCEtf__ 

NOt 


C 0 N C E P T 


1 - heating tPays *^skylabi 

2 * O VENn.HOT Air C0NYECT10n^1ElECtHiCAl_HCATJ_ 

3 • oven-microwave (PLAIN) 


1 . CABIN AIR (CIRCULATED), LITERS/SEC (FT^/MIN) 
2- CABIN AIR * (LOST) .KG/HR (LB/HR) 

3 - OXYGEN (LOST) , KG/HR (LB/HR) 

4 - COOLING WATER (CIRCULATED), KG/HR (LB/HR) 

5 - WATER (LOST) , KG/HR (LB/HR) 

6 -NITROGEN (CIRCULATED), KG/HR (LB/HR) 

7 - NITROGEN (USED) , KG/HR (LB/HR) 

8 - FREON (CIRCULATED), KG/HR (L8/HR) 

9 - WATER (PROCESSED) . KG/HR (L8/HR) 


(*♦) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

(4) EXTENSIVE DEV. REQUIRED 


(***)COST 
. INDICATOR 
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APPLIANCE 

^CONCEPT ' 

NO> CONCEPT NAME 

TRaVS ‘ilCVLABi 

2,..« OVEN-HOT Ajn convection. IElECTRICAL .HEAT.I_ 

i - OVEN-HICROuaVE (PLAIN) 



a ■ /. ‘ «,) 
















NUMBER 


OF CO M P ONE NT S 


COMPONENT TYPE 


APPLIANCE TYPE 


HEATING TRAYS (SKYlAB) 

HOT AIR CONVECTION (ELEC. HEAT) 
(pg. 5-2) 

MICROWAVE (PLAIN)(pg. 5-4) 


♦Derated to 1 due to low 
temperature of three ht's 


NUMBER 


SAFETY 
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SPACECRAFT Shuttle 



HABITABILITY SUBSYSTEM Food Management HABITABILITY FUNCTION Food Preparation 


APPLIANCE FUNCTION Food Wanning • 

APPLIANCE CONCEPT NO. /TITLE - 1 /Heating Trays '(Skylab)' 

INDEX NO. REF. NO. ^S5, 276 


DESCRIPTION : In this, concept, an insulated food tray with three heating cavities 

surrounded by imbedded electrical resistance' heating elements is used. This 
concept was used on Sky lab, and the actual Skylab weight/volume/power data were 
assumed. A heating time of 1% to 2 hours is regOired to warm the food. Two 
hours was.used for computing thermal penalties to the cabin cooling circuit. 


•Each'Skylab heating- tray weighed 10.9 kg (24 lb). However, of this tdt^l 
weight, 2.7. kg (6 lb) was .a stainless steel' bracket used for a working surface. 

To coiipare with the oven concepts, the weight/ volume of this bracket was not 
included in- the heating tPay weight/volume. Instead, the data for a tray storage 
rack was taken from Reference- 276 and added to the basic concept weight and 
volume. No separate dish tray penalty was added for this concept since the tray 
is already an integraT. part of the concept. .. 
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. , APPLIANCi: CONCLPT KEQU1R01CN1S AND PENALTIES CALCULATIONS o # 

CONCEPT -f /•■ffj/ INDEX NUMBER h'2.,^1 



t t’E C T R I C A L 

P 0 W E R 

R E a U i R E 

ME N T S 





AC . P 0 W E 

R 

; DC 

POWER 


COMPONENT (REF) 

USE^ME (?) 

CYCLE PEAK 

(HR) (WATTS) 

average 

(WATTS) 

OEF^n 

(WATT-HR/ 

CYCLE) 

(pXQ) 

© 

PEAK 

(WATTS) 

© 

average 

(WATTS) 

<JT~ 

DEMAND 

(WATT-HR/ 

cycle) 

©X© 

J/caihm..€j£hLt:uj£. ^ 

2. ' 



. GLo. 

.m _ 





\ 


• 


■ . MAXIMUM. 

IHE R M A L* 

• LATENT 

SOURCE (BTU/HR) 

elen}{!.iiLlz5s ) : 



GGo 

♦ 

TOTAL 

MAXIMUM 

' , TOTAL 

f 

) I R E M E N T S 


• 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

672- 

672 

' 0 


TOTAL 


A. 


WATT (BTU/HR) 

* 


WATT (BTU/HR) WATT (BTU/HR) 


WATT (BTU/HR) 


•c 


r 


SOURCE. 


m/a 


OP E R ATIONAL PENALTIES 


HEAT LEAK 
(BTU/HR/CYCLE) 


thermal 


TO COOLANT ELECTRICAL WEIGHT VOLUME 

(BTU/HR/CYCLE), (PK WATTS/CYCLE) (LB/HlSSION) (FT’ /MISSION) 



TOTAL 


WATTS/CYCLE 

WATTS/CYCLE 

KG/HISSION ■ 

H’/MISSION 

(BTU/im/CYCLE) 

(BTU/HR/CYCLE) 

(LB/MiSSlON) 

(FT’/MISSION) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 
CONCEPT //■? ah'nn -hraj S INDEX NUMBER 


oof 




COMPONENT 

■Rack _i_ 


(le<r< h\T<rkr{ 


i! 


REF) 


WEIGHT 

(LBS) 




VOLUME 

(FT3) 

'2^ 




TOTAL 


(mc>) 

XG (LBS) 


M3 (FT3) ' , 



SOLI D 


EXPENDABLE 


UNITS/CyCLE(REF) 


w I/VOL REfiUiREMEN T S 

© @ © 

WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) 

(PKG.WT/UNIT)(REF) ®X® (PKG. VOL/UNIT) (REF) 

(LB). • (LB) (FT3) 


© 

VOL/CYCLE 

•Ff}.? 


1:® 


TOTAL VET/CYCLE 
• (LB) 


E® 


TOTAL vrr. . 
MT^'ON " 


TOTAL VOL 
MISSION 


CYCLES/OAY 


CYCLES/DAY 


DAYS/HISS ION 


OAYS/MISSION 


TOT. WT/CYCLE 

(U) 


TOT.VOL/CYCLE 

(FT3) 


TOTAL VOL/CYCLE 
’ (FT3) 


KG' ( LBT 


(FT^) 


i A 5/k i fi k i D . i A £1 A i A i L E s r e a u i R e m e n t s 

© 

RECOVERY 


© 

AMT. RECOVERED/CYCLE 


© 

• AHT.OSED/CYCLE(REF) ' _ 

TYPE / ■ ' (LB) FACTOR (LBT (LB' 

. jv/A .. . . . ■ . 




© 

AMT LOST/CYCLE 

Q-Q) 

lbT 


'i 


E® 


TOTAL WJ,. , 

MTisroii ■ 


X X 

tYCLE/oA? “MYS/HISSTON YotAl LOST/CYCUt 

cc (3)) 


£® 


(LB) 


(r © 


KG (Ib) 
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SPACECRAFT Shuttle • ' •• ’ . ‘ 

HABITABILITY SUBSYSTEM Food Management H ABITABILITY FUNCTION Food Preparation 

^appliance FUNCTION Food Harming ^ 

APPLIANCE CONCEPT NO. /TITLE ' 2/Oven-hot air convection-electric _____ 

•INDEX NO. 1.2. 2. 2 REF. NO. 276 

DESCRIPTION : This 'concept' resembles a conventional electrical oven with 

resistance heating elements. Oven size is based on the requirement in Section' 
1.2.2 of 0.0193 cu iir (0,68 cu ft) of food per meal;. A. heating time of 0.5 hours 
was .used, wi.th an additional 0.5 hours allov.*ed "f^r the' oven heat to dissipate to 
the cabin. gas. Thus, a total, time of 1 hour was assumed fpr computing the thermal 
penalty to the cabin cooling circuit. .. . 
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. APPLIANCE CONCEPT REQUIHLMENl S AND PENALTIES CALCULATIONS 

CONCEPT OvCh-- not rtfV C o/IVeci iofl - e/eciric INDEX NUMBER 

Cl?e-r. 

£ i. i £ 1 £ i c A L POWER £ £ a u 1 R E M E N 1 S 

A C . P 0 W E R OJ. 

USE Ss ■ 0 0 ot^o © ® 

CVCLE PEAK ' AVERAGE ^cvcur^ .AVERAGE 

COMPONENT (REF) (HR) (WATTS) (WATTS) ®XQ) (WATTS) (WATTS) 

Tofa/ fi/e.c+ri’col ^5*^ — 6.?,.4- 


POWER 


— (F~ 

DEMAND 

(WATT-HR/ 

CVCLtO 

(i)x(2) 

^k2> 


MAXIMUM 


TOTAL 


■ 

MAXIMUM 


'3^3 

TOTAL 


IHERMAk’ B.E.ay.iii.MLN.1 S 


SOURCE 


ToJ-aL. eJes.Arj.co] _ 


LATENT 

(BTU/HR) 


SENSIBLE 

(BTU/HR) 

ff'70 


HEAT LEAK 
(BTU/HR) 

J120_ 


TO COOLANT 
(BTU/HR) 


TOTAL 


0 *- (H 7 p) • 

WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) 


.CL 


WATT (BTU/HR) 




SOURCE. 


m / a . 


£PL£AI10NAL tLNALTiii 

. JP ■ 

HEAT LEAK COOLANT ELECTRICAL HEIGHT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/HISSION) 


VOLUME 


(FT’ /MISS ION) 


total „ 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


WATTS/CYCLE 

(BIU/MR/CYCLE) 


KG/MISSION 

(Lll/HISSION) 


HVMISSTON 

{FT’/MISSION) 
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appliance concept requirements and ppiALTIES CALCULATIONS (CONCLUDED) 
CONCEPT O ve h - kni O.ir ran ve rA JO H - e/orj r/'r INDEX NUMDER 


COMPONENT 

QyCi-\ 


liiifi “ililil/VOLUHE ££a!i-i£i!ii!iis 
•(REP) 




WEIGHT 

(LBS) 




VOLUME 

(FT3) 

■L2. 


ci.r.vi,n.^— ji'-Q-y.. 


Zo.o 


in vo.tik) 


TOTAL 


(5'^. 3) 

KG (LBS) 


* (3.^) 

M’ (FT3) ' , 


TYPE 


SOLID expendable 


H I/V 0 L R E a 


CD 

UNITS/CYCLE(REF) 


(D (D 

WT/UNIT (REF) WT/CYCLE 

(PKG.HT/UNIT)(REF) (Dx® 

(LB). • (L^ 


U £R E M E N T S 

© 

VOL/UNIT (REF) 
(PKG. VOL/UNIT) (REF) 
(FT3) 


VOL/CYCLE 




E@ 


TOTAL WT/CYCLE 
• (LB) 




TOTSL VOL/CYCLE' 
' (FT3) 


TOTAL MT. ^ 

"WiSTor ’ _ 


_ X _ 


_ X _ 



CYCLES/OAY 


DAYS/MISSION 


TOT. WT/CYCLE 
(LB) 

TOTAL VOL V 
MISSION “ __ 




_ X __ 



CYCLES/DAY 


DAYS/MISSION 


TOT. VOL/CYCLE 
(FT3) 




TYPE 


££S/LiaUiD EXRENDABLES 


© 

Am.USEO/CYCLE(REF) 
' (LB) 


® 

RECOVERY 

FACTOR 


R E au IR E M 1 N T S 
AMT. RECOVERED/CYCLE 



© 

AMT LOST /CYCLE 

®-@ 

(lbT 




■L 


E® 


E® 


TOTAL WT. . 

"MTS'Sl'Tifr X X 

ffClTTWY "Tsys/HISSION TOtAL LOST/CY'Clf 

' (£ (3» 


(LB) 


(S O 
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SPACECRAFT Shuttle 


HABITABILITY SUBSYSTE M Food Management H ABITABILITY FUNCTION Food Prepar-ation 
APPLIANCE FUNCTIO N Food Warifting 


APPLIANCE CONCEPT NO. /TITL E' 3/Oven-Microwave 

•INDEX NO. f.2.2.3 REF. NO. 276 ' 

DESCRIPTION - This concept resembles a conventional microwave over!. Oven size 
is based on the requirements described in Section 1.2.2 of 0.0193 cu m (0.68 cu ft) 
of food per meal. A' heating time of 10 minutes was assumed, with an additional 
0.5. hours allowed for the oven heat to dissipate *to the cabin gas. Thus, a total 
time of 40 minutes was assumed for computing the thermal penalty to the cabin 
cooling circuit. • 
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APPLIANCE CONCEPT REQUIREMENTS Af<0 PENALTIES CALCULATIONS 


INDEX NUMBE R 1.2,. 2.. 


CONCEP T Oven - j})icr*r.n^ia \/6 

('Kef.^^Z76) 

£L££IEi£fLk POWER R£auiR£MENTS 

A C . P o’w E R D C P 0 W E R. 

■ (?) (3) DEI^D 


COMPONENT 

J /£cJf ^t. 


USE TIME 
CYCLE 

(REF) (HR) 


(D . ® 

PEAK AVERAGE 

(WATTS) (WATTS) 


(WATT-HR/ 

CYCLE) 

®X® 


(D 

PEAK 

(WATTS) 


AVERAGE 

(WATTS) 


DEMAND 

(WATT-HR/ 

cycle) 

d)x@ 


MAXIMUM 


Jt£l. 

TOTAL 


MAXIMUM 


, TOTAL 


1 H i 5, A k B. i a U i k k H 1 i I i 


SOURCE 


I/e a-L 


SJ£. 


LATENT 

(BTU/HR) 

0 


SENSIBLE 

(BTU/HR) 

.2Jh!±lZ 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 

' Q 


TOTAL 


WATT (BTU/im) 


( 23 ^/ 0 ) 

WATT (BTU/HR) WATT (BTU/HR) 


O 


WATT (BTU/HR) 


OPERA T I 0 N A L P E N A L T IE S 


/: 


SOURCE. 


WEIGHT 


THERMAL FIFrTRtCAl 

MEAT LEAK TO COOLAfU UtLlKlLAL 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) . (PK WATTS/CYCLE) (LB/MISSION) 


VOLUME 

(ftVmission) 



TOTAL 


WATTS/CYCLE 

WATTS /CYCLE 

KG/MISSION 

M3 /MI SSI ON 

(BTU/HR/CYCLE) 

(BTU/HR/CYCLE) , 

(LB/MlSSlON) 

(FT3/HISSI0N) 








TYPE 


iOkiD expendable WI/VOL REaUiREMENTS 


(D 

UM1TS/CYCLE(REF) 


® 

WT/UNIT (REF) 
(PKG.WT/UN1T)(REF) 

(lb). 




WT/CYCLE 



® 

VOL/UNIT (REF) 
(PKG.VOL/UHIT)(REF) 
(FT5) 




VOL/CYCLE 



GA S/Ll QUID EXPENDABLES REQUIREMENTS 
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HABITABILITY SUBSYSTE M- ^-0 Food Management 


■HABITABILITY FUNCTION 1.3 Galley Cleanup 


APPLIANCE FUNCTION 1.3.1 Dishwasher/Dryer Combination 


NUMBER OF CONCEPTS CONSIDERED ‘ 


ASSUMPTIONS 

AVI the automatic dishv/ashing data found have been for single integrated 
washer/dryer units. All the dishwasher engineering data used for Space 
Station were used -directly for Shuttle also after adjusting for a crew size 
of four men (Space Station crew was six men). Therefore, only the total 
values for each penalty are shown in the following data sheets. Each penalty 
is 4/6 times the corresponding Space Station penalty. For an itemized break- 
down of the various penalties, the Space Station data sheets in Appendix C 
should be consulted. • 

Three washings per day were assumed, with 4.53 kg (10 lbs) of water used for 
washing and 4.53 kg (10 lbs) for rinsing. It is assumed that 0.093 kg (0.20 lb) 
of residual water remains on the dishes after rinsing to be removed by the dryer. 

The amount of dishes required by the crew, assuming an automatic dishwasher/ 
dryer is aboard, was computed and included with the washer/dryer penalty. This 
was necessary to compare with the disposable, dishes case in Section 1.3.2. The 
packaged weight and volume of the dishes were taken directly from Se.ction 1.3,2 
and the results shown in Table B2-3. The total dishes/utensils/cups required 
with the dishwasher for a four-man crew is 4.10 kg (9.03 lbs) and 0.014 cu m 
(0,49 cu ft) . ■ 
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Af^UNCE 

CONCEPT 


NOy 


CON C C ^ T 


(♦) 


N A N E 


!o 


I ; • hot Pater SPRAY^CENTRirUCE DRYING 

hot PaTeR spray-air spray oRT _ 

1 . hot PaTER SPRaY^FORcEO hot air EtECTRiC «EAT ORY 

-HOT P/iTER SPRaY-OES ICCANT EtECTR I C AtlT^ OEsORBEO _ 


5 • 


I o 

i o 
i ® 

; o 

I 

: 5 


MOT Pater SPRAY-FORcED hot air ORY.TMERMAt STORAGE 
J;UTrA50NIC.-PASH-CENTRIFUGE..DRyING.. 


? • 

_XD 


ultrasonic PASH-FORcRD hot air drying 

_ULTRASONtC..PASH-FORCEO„COLO-aRT-AIRrDEStCcANT*ELEClAiCAUJL-fti:SOIlBEft_ 


ultrasonic PASH.FORCED hot AIR ORY-THERHAu storage 
_HANUAL-JBASM- nAKUAL^!llP£_0 RI- 


CH 

to 

ro 



1 - CABirf AIR 

(CIRCULATED), LITERS/SEC (FT^/HII 

2 . CABIN AIR 

(LOST) , KG/HR . 

(LB/HR) 

3 - OXYGEN 

LOST) , KG/HR 

(LB/HR) 

4 - COOLING WATER 

(CIRCULATED). KG/HR 

(LB/HR) 

5 - WATER 

(LOST) .KG/HR 

(LB/HR) 

•6 - NITROGEN 

(CIRCULATED), KG/HR 

(lb/hr) 

7 - NITROGEN 

(USED) , KG/HR 

( LB/HR) 

8 - FREON 

(CIRCULATED), KG/HR 

(LB/HR) 

9 - WATER 

(PRCCtSSED) , KG/HR 

(LB/HR) 

• 

(***)C0ST 



(**) AVAILABLE 

(1) AVAILABLE 

(2) STATE OF THE ART ‘ 

-• (3) S0.XE DEVELOPMENT REQUIRED 
(4) EXTENSIVE DEV. REQUIRED 


INDICATOR 


0-25S 

25-50X 

50-75S 

75-lOOX 


o 

ro 


CO 

cn 

cr> 


ro 




1 ^ 
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aPPC!aNcE 

CONCEPT 

NO« 


CONCEPT 


N A'H E 


r hot Water spray-centrieuge opting . 

2 » hot water sprat-air sprat opt- 

_ j hot Water sprat-forced hot air electric heat ort 

’ N - hot Water sprat-des i ccant electrically desorbed 
5 - HOT water sprat-forced hOT air dRT»thermal storage 

”4 - ULTRASONIC WA3H-cENTR1F|iGE drying 

7 - _ ULTr'ASONlC WASrl-FORCRD VOT air dRTING . .. _ 

8 - ultrasonic V/ASH-FORCEO cold Dry AIr-D£sICCAnT,ELECtrICALLY DE<;oRBE:d 

_9_ - ULTRASONIC wash-forced HOT A I R QR T."T H E R H A L STORAGE 

10 - MANUAL WaSH-HANUAL WIPE DRy ' 



Dishwasher/Dryer Combination (Shuttle) Concept Trade 
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NUMBER OF DAYS ■ 20»5 C »06 YEARS) 

uses MOO subroutine 23 " ' . ' 

thermal .penalty t.,OIRECT_TO CpeLANT_|LB/BTUH) .*0250. 

THER»AL penalty -eCABJN HEAT LEAK (LB/BTUH) .0550 
PO*E _PEN AUlX. < WB^ aI1)._Iype_I f.53C0 

POWER penalty (LbS/WATT) TYPE 2 .**300 


Selection maTR ix 


' • • • • OISh «aShER70’’yEB combination (SHUTTLE) 


101425/75) 


rxCTOR VALUE. 


c ON CEP T 


WEIGHT 

POWER 
VOLUME .. 

THERMAL 
rEuIAB-Y. 
HAINTENC 
SAFETY . - 
DEV COST 
total PT 

rating 
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R6 . HTS 
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. .OOOQO_ 

• 00000 
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_.55__ 
9.53 
• A 8 




11*08 

*00 . 


•CO- 

n*72 
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15 
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• GO 

*^•63 

10*^2 

lO* | 8 

8*1^ 
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6*99 

10* 17 

.9986 2„ 

5. 

H • 1 3 

3.89 

3,62. 

3*58 

3*66 

*51. 

• nn 

•Go 

• 03 

*99999 

5 

3.65 

3.67 

3.19 

3*15 

3*21 

.*^6 

• 00 

• CO 

• 02 

-3 # 0000^ 

5. 

3*33 

5*00 

1*67. 

3#33_ 

1.67 

.1 *67. 

• 00 

1*67 

• 0 0 

75*000 

ts 

2*00 

3.00 

5.00 

*00 

*00 

i *00 

2.06 

• 00 

- *00 

65*000 

85_ 

^38*98, 

17.20 

_3S,9 9_ 

33,60. 

_32,09__ 

_25.08^ 

I?.69„ 

_20*3S_ 

—22*30^ 

100*00 


H5* 86 

20* 23 

91.75 

39*52 

37*75 

29*51 

23. 10 

23« 99 

26« 29 


62» 26 





SENSiTlVlTY ANALysjS 


I* Tj NG_ F 0 R_ E A CH _C P N C E P T_ AFT ER_I N C R E 5 IN 5 

SINGLE selection PARAMETER WEIGHTING FACTOR By 50 < 
t B A S ED . 0 N -XO 0_8_M A X„ P Q I N1.SJ. ! 


C 0 N C E P T 


Jt 5 . 8 6 __ 2 0 • 23 M 1 ♦ 7 S_3 9 * 5 2_3 7*7 S 2 9 . 5 1 __ 2 3 • 1 0 __2 3 • 9 *t_ 


.MZ^To __ j 9#20 _3B.77 _.36»78 aB.SB 27.51 

H9.09 18.59 *(<*,00 92*75 91.39 33*99 

_9 3,9 8 19.90 HO. 09—37. 53 36,03 28,36_ 

98.02 16.59 M3.S7 91.95 90.19 3i,5l 

_96*9 1 2 1,88 92* 63_90»,9h 38*76 28.96 

96,69 21.75 92,38 90. 20 38. 5| 28,93 

.96,96 22*51 __H 1*51 9 0.30 37.62—29,62 

**^.22 20.21 91,07 36.^2 39,69 27,66 


. 22,20 22.61 

29.95 25.78 

72.99 23*26 

23 

29*21. 


S E N S I T 1 V- I A N ALT S I S 


Rating for .each concept, afterjncreaslng 

single selection Parameter weighting factor by -so * 
ibased .on -ioo.,a max_point5»_ ^ 



95.B6_20*23. 9 I *75 39.52 37?75_29.5 I 23,10 23.9*»_ 



99.69 21*97 

92*07 22.19 

97,98 _.21*I7. 
93,28 22*i9 

99*79 18 ,99_ 

95.09 18.62 

23 17_*82_ 

01 20*26 


_95,3l _92.80 :91 *21. 

39.06 35*68 33.90 

..93.6l_9l .77 3’.69_ 

39.57 36.63 39,89 

_9 0 * 8 2 3 8 .55 3 6 .6 8_ 

91.08 38.81 36,95 

_9 2 . 0 0 3 8 . 7.0 3.7 ..8 8_ 

92*56 93*35 91.90 



_3l.90_29,f8 __25.87. 
29.81 19.19 19.11 

.30,80_29,13— 25,9 9. 

27.11 20.90 21*75 

_3q. 1 0 23.80 29*67_ 

30.12 23.80 29.67 

_29.t39 23, Bo 23,66. 

31.72 29.05 26.26 



26*29 62,26 

28.78_67, l9 

21.22 59,19 

,27.65 63,39 

22.22 61.32 

27.02 61.9 1. 

27.03 61,55 

.27.09 ^61,_l2. 

28.78 63.13 









APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX 
APPLIANCE FUNCTION: 1.3.1-DISHWASHER/DRYER COMBINATION (PAGE 1 OF 2) 


NUMBER OF COMPONE NlT S 


COMPiJNENT TYPE 


APPLIA.NCE TYPE ‘ 


HOT WATER SPRAY WASHING, 
CENTRIFUGE DRYING (pg. 98) 

HOT WATER SPRAY WASHING, AIR 
SPRAY DRYING (pg. 100) 

HOT WATER SPRAY WASHING FORCED 
HOT AIR ELECTRIC HEAT DRYING 
(pg- 102) 

HOT WATER SPRAY WASHING, FORCED- 
COLD AIR-DESICCANT; ELECTRIC 
DESORBED (pg. 104) 

.HOT WATER SPRAY WASHING, FORCED 
HOT AIR DRYING USING THERMAL 

• STORAGE (pg. 107) 

ULTRASONIC WASHING, CENTRIFUGE 
DRYING (pg. 109) 

ULTRASONIC WASHING, FORCED HOT 
AIR ELECTRIC DRYING (pg. Ill) 








































APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX 
APPLIANCE- FUNCTION: 1.3.1-DISHWASHER/DRYER COMBINATION (CONCLUDED) (PAGE 2 OF 2) 


NUMBER 















. D^'11856l"2 

SPACnCRAFT Shuttle 

HABITABILITY SUBSYSTE M Food Management ' H ABITABILITY -FUNCTION Cleanup 

APPLIANCE FUNCTION Dishwashcr/Dryer Combination 

APPLIANCE CONCEPT NO./TITLE 1/Hot Water Spray Wash-Centrifuge Dry 

INDEX NO._ 1,3. 1.1 REF. NO. 90 

DESCRIPTION 

In this concept, v/ashing is accomplished by spraying hot water (with an 
8 psig pump head) over the dishes in a slowly rotating drum. Drying is 
assumed to be accomplished simply by centrifugal . force at high speed rotation. 
This concept is included in the trades since conceptual data are available; 
hoviever, the drying method is unproven and doubtful. 
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. . ■ I appliance concept REQUIREMEHtS AND PENALTIES CALCULATIONS 4 'J i A 

CONCEPT Hot i^(XTC.r cei'i'j r//u0C rXi~y{hQ index number 
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i t £ £ T 

R I C A L 

POWER 

R E a U i R E 
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SPACECRAF T Shuttle 

HABITABILITY SUBSYSTE M Food Management H ABITABILITY FUNCTION Cleanup 

APPLIANCE FUNCTION Dishwasher/Dryer Combination ; 

■fPPLIANCE CONCEPT NO. /TITLE 2/Hot Water Spray-Air Spray Dry 

INDEX NO. 1.3. 1.2 REF. NO. 90 

DESCRIPTION 

The washing function for this’ concept is identical to that used in Concept 1. 
Drying is accomplished by a high-velocity air spray (30 fps) sufficient to 
drive the water droplets off the dishes. Thus, the drying air is not heated. 
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APPLIANCE CONCEPT REQUINEHENTS ATJO PENALTIES CALCULATIONS 

- Air dn/ 


INDEX NUK8ER 
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. . APPLIANCC COliCEPT REgUlRtMtUTS AtID PCHALTKS CALCULATIOHS (CONCLUOEU) 

concept f/o-f i-'jA'Ier - Air Spr^y index number h 3»l,Z 
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© " ' © 

WT/UNIT (REF) WT/CYCLE 

(PKG,WT/UNIT)(REF) ©X© 

(LB) (LB) 


PPiREMENTS 

© 

VOL/UNIT (REF) 
(PKG.VOL/UiaT)(REF) 
(ETS) 


VOL/CYCLE- 


■£® 


TOTAL v7t/CYCLE 
(LB) 


TOTAL vn\ 
hisTioT) 


TOTAL VOL . 
‘MiS’SIO'N ■ 


3 


CYCLES/OAY 


zo.s 


3 


CYCLES/OAY 


DAYS/MISSION 


■ Z0.5 

DAYS/M'ISSION 


TOT. WT/CYCLE 
(LB) 


TOT. VOL/CYCLE 
(FT3) 


TOTAL VOL/CYCLf 
(FT’) 


KG (LBl 


0 . 0006 y^CO-O 2 ^)' 

~~ 'M'nF'T^r^ ^ 


6 A S/L i g U i D 1 X P E N 0 A B L i S R i 2 U i R E H E N T S. 


TYPE 


© 

AMT.USED/CYeLE(REF) 

(LB) 

■ .IP 

i/?--..— - 


E® 


20 


© 

RECOVERY 

FACTOR 

0 


X 


@ 

AMT.RECOVEREO/CYCLE 

©X® 

(lbT 


E® 


© 

AMT LOST/CYCLE 
©-(3)- 

(lbT 

tSi. 

o 


10 


TOTAL WT. . 
MlSSfO'ir 


X j X ' i ' 

“EvcCtToAT ~~MWWs$lW~ fO^At ' 1 gsT/TYCll' 

(S ® 


♦ ^0 ■ 

"ku"Tl“b) ' 

(LB) (r © 
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SPACECRAFT Shuttle 

' FoocT 

HABITABILITY SUBSYSTE M Hancigement IIABITABILITY FUNCTION Galley Cleanup 

APPLIANCE FUNCTION Dishwashcr/Dryer Combination 

APPLIANCE CONCEPT NO. /TITLE 3/Hot Water Spray Wash-ForcocI Hot Air Electric Heat Dry 
INDEX NO. ’1.3. 1.3 REF. NO. ; 

DESCRIPTION • _ . . • ^ 

The washing function for this concept is identical tp that used in Concept 1. 

Washing is accomplished by spraying hot water (v/ith an 8 psig pump head) over 
the'dishes in a slowly rotating drum. Drying is* accomplished by a circulating 
flow of air over the dishes which is heated by an electrical heating element. 

The heater also heats the dishes by radiation. Heater size is based on a 
1 hour drying time. 
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APPLIAHCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS •, # ^ 19 

INDEX NUMBER /. .5 . A < O • 


I / I I m'rLindi.c \.un«.Lri nc.v|uinLnLni s >viu rLnni-iits 

CONCEPT^ /;/oj ; — — fotCCcl 

eledi-ic- Ked d,i-y 

EkECTRiJCAl POWER E k 1 U i R E H E N T S 


COMPONENT 


J1£2jLs± 


.f.UM 


(REF) 


VaIvi * • 

■ Fa il- 

/v)6lor 


USE^HE 

CYCLE 

(HR) 


AC . POWER 


© 

PEAK 

(WATTS) 


© 

AVERAGE 

(WATTS) 


demand 

(WATT-HR/ 

CYCLEl 

®X(3) 


D C 


P 0 W E R 


® 

PEAK 

(WATTS) 


® 

AVERAGE 

(WATTS) 


DEMAND 

(WATT-HR/ 

cycle) 

®X® 


-IZJL 

MAXIMUM 


TOTAL 


zn 

MAXIMUM 


TOTAL 


lEiiMAL EiaUiREMENTS 


SOURCE 

“Fu pu p 

Mer K Evil IdS--./ ) 

’ 

Mh-!or 


P (- 


Wn^Cy ( n)ru!hf-'\ 

' Z7y 


TOTAL 


LATENT 

(BTU/HR) 


WATT (BTU/HR) 


SENSIBLE 

(BTU/HR) 


WATT (BTU/HR) 


HEAT LEAK 
(BTU/HR) 


WATT (BTU/v‘R) 


TO COOLANT 
(BTU/HR) 


/is /s 4 / ;) 

WATT (BTU/HR) 


SOURCE 


jiU- 


0 £.1 R A 110 iA L. penalties 

HEW LEAK ™™^0 COOLANT ‘ ELECTRICAL WEIGHT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/HISSION) 


VOLUME 

(ftVhission) 




TOTAL 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


KG/MI SSI ON 
(LB/HISSlON) 


B2-76 


H^/MISSION 

(FTVMISSION) 


D2-11B56|.:2 


. . APPLIANCC COMCEHI REQUIREMENTS AND PEHAlTItS CALCULATIOHS (COflCLUOCO) 

CONCEPT Ho-f r, ^ray ~ Fov-ced «.ir index number 

eiecli'ic dv"y 

f.i)(EO KEi£!lI/vokU[li ^ 

WEir.HT VOLUME 

COMPONENT • (REF) (LBS) . (FT>) 

!Ba — — — 

p-_ 1 ■ — — ^ 

2t /) c f [ •? \ f* 5 X 

\/c^ i V / J1^/ 1 — — •• - ■■ — — 

V\/«-( ei-'' s i-AU>f — — 

■ Rh-— — ■ — ^ ^ — — ; — — ^ 

Tn — y- — ■ — r ' — 

~p) / <y/i f, L- / i) I /n^‘^ I', / r M • ' 

■ _____ 


TOTAL 


3?.^ C^g) 

KG (LBS) t 


7.7 

K.3 (FT’) 


SOkifi expendable WT/VOL RE()UiREM£f{IS 

"© “ " ® ^ 

^ WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) 

W (PKG.WT/UHIT)(REF) (T)X® (PKG.VOL/UNIT)(REF) 

TYPE U.‘UTS/CYCLE(REF) (LB) (LB) (FT’) 



.^.(Lj^tyilcldc. . .. .—— 


VOL/CYCLE 

?F!.f 


,s® 


TOTAL WT/CYCLE 
(LB) 


2 ® 


TOTAL VOL'/CY'CLE 
(FT’) 


TOTAL WT. _ 
irrss'ioN ■ ■ _ 


__ X _ 


_ X _ 


s 


CYCLES/OAY 


DAYS/MISSION 


TOT. WT/CYCLE 
(LB) 


TOTAL VOL . 
r^issiON _ 




X _ 



CYCLES/DAY 


DAYS/MISSION 


TOT. VOL/CYCLE 
(FT’) 



I 3_r^ 7) _ij 

KG (LB^ 


0 .00 OG3 ( 0‘V^ 

H^(FTn 


£AS/ki&kii 11? P £i2.A B L E S R 1 au I.R E H E N T S 


TYPE 


(D 

AMT.USED/CYCLE(REF) 

(LB) 


•K \ II 


lv» 


(d ct 


E© 


© 

RECOVERY 

FACTOR 


© 

AMT. RECOVERED/CYCLE 

(X>X(|) 

(lbT 


E© 


AMT LOST/CYCLE 

CD-® 

(lbT 


total wx . 

MISSION 


X X • _____ 

1TCLE/dAY~' ■ ■ dAYS/mSSlON” rOM“^T/CTclE 

fx ® (LB) 

/ 

• ‘ B2-76»r 


2.33 ( ^3 g) 


(c 0 


KG' (LB) 
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SPACECRAFT Shuttle 

. • 

HABITABILITY SUBSYSTE M Management HABITABILITY FUNCTION Galley Cleanup 

APPLIANCE FUNCTION DishwasheiVDryer Combination 

APPLIANCE CONCEPT NO. /TITLF. 4/Hot Water Spray Wash-Forced Cold Air Desiccant Dr y 
INDEX NO. t.3.1.4 rEF. NO. 90 

DESCRIPTION 1 

In this concept^ v/ashing is accpniplished by spraying hot water over the dishes 
in a slowly rotating drum. A fan is used during washing and rinsing to trans- 
port air and excess v/ater out of the v/asher. The same fan is used to circulate 
air through the dishes for drying. The air is routed through a desiccant bed 
upstream of the dryer to dry the air first; thus, no additional heat is assumed 
necessary. The desiccant is desorbed using an electrical resistance heater 
sized for a i hour desorption time. 






EiESti R E M E H T S . 

LATENT SENSIBLE HEAT LEAK TO COOLANT 


SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR) 



MATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) 


SOURCE 



PER AT IONA L 


PE N A L T ill 


THERMAL 

HEAT LEAK TO COOLANT 

(BTU/HR/CVCLE) (BTU/HR/CYCLE) 


ELECTRICAL HEIGHT 

(PK HATTS/CYCLE) (l.B/HISSION) 


VOLUME 

(FT^/MISSION) 






TOTAL ■ . - ■ :: 

WATTS/CYCLE WATTS/CYCLE KG/MISSION MVMISSION 

.. (BTU/IIR/CYCLE) (BTU/HR/CYCLE) (LB/HISSION) (FTVMISSION) 
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APPLlANCe CONCtPT RtQUIKtorUS AND PtNAlTltS CALCULATIONS (CONCtUDEO) -y A ft 

CONCEPT Uo\ lAiaik'- Forcec( /oUl alt c^Gsiccah-l index number . 


COMPONENT 


■ TiA ri^p. 


L JL * I P. M i i P i! I/v P k P !1 £ B. £ P P .1 E £ P £ P I £ 

wEiGiir 

(REF) (LUS) 

j — 


2 A C-g- M I H' -*, I c' 01-5 


yp I l/I 

W PI ■{ c 5 c C A 1: »•.! ■ 

J^fisiccovW \-jcA 
-Fail-.--,... , 


/PAC.ktl.^ lh ^ ^ 

I>i'6.Kc ^. / uirn Vf -k /ct-vp S 

-ITeiiLl— : 


TOTAL 


27.5' ( g2.7) 


KG (L6S) 


VOLUME 

(FI3) 


, 6~^5 C / 6«5 T 


M3 (FT3) 


( 


iPkiO EXEkPOABtE MJ/VOL E£fiPlE£P£Pli 

~ © ~ ' © © ® 

^ WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE 

© (PKG.WT/UN1T)(REF) ©X(|) (PKG.VOL/UNIT)(REF) (©X© 

TYPE UNITS/CYCLE(REF) (LB) (LB) (FT^) (FT^) 

— ^ 

($<?-1ryn i C.i‘ — 




TOTAL WT/CYCLE 
(LB) 


TOT AL VIT. . 
MfSSlON ” 


IPTAL_yOL . 
mTssion ^ 


CYCLES/OAY 


CYCLES/DAY 


DAYS/MISSION 


DAYS/HISSION 


TOT.Wr/CYCLE 

(LB) 


TOT. VOL/CYCLE 
-(FT3) 


E® 


TOTAL VOL/CYCLE 
(FT3) 



6 A S/L rani D 


TYPE 

Vv/<^ M/ a4 T" 

m;p-| cr 


© 

AMT.USED/eYCLE(REF) 

(LB) 


£X P E N 0 A B L E ^ 

RECOVERY 
FACTOR 


E£PPiE£M iPLl 

© 

AMT.RECOVERFO/CYCLE 


AMT LOST/CYCLE 

(lbT 


Ul 


E© 


1QIAL__WT. . 

MlssiOtT 


cycleTdAy" 


X’ 


OAYS/MISSION 


'TOTAL I.O'St7CVctI 

(r 0) 


(LB) 
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SPACECRAn S huttle 

Food * 

HABITABILITY SUBSYSTEM M aiiaaement H ABITABILITY FUNCTION Galley Cleanup 
APPLIAIICE FUNCTION Pi shwas her/Dryer Coir.bi nation . 

APPLIANCE CONCEPT NO. /TITLE j/Hot Water Spray Wash-Forced Hot Air Dry-Thermal Storage 

INDEX NO. 1.3. 1.5 REF. NO. 90 

DESCRIPTION 

In this concept;, v/ashing is accomplished by spraying hot water (with an 8 psig 
•pump head) over the dishes in a slowly rotating drum. Drying is accomplished 
by circulating a flow of air over the dishes. -Washer water is routed through 
a thermal storage unit which stores heat to be used during the drying cycle 
to heat the inlet air. 


I 



C 
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CONCEPT 


APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES calculations 

'oh - For cc.X «/> c(ry - index number, 

, ^ Kc.T'Tir'A.l S.'I'OTtX Qe. 

Eki.£IEl£4k PfiWLS. RLayLiRlwLNIs 




COMPONENT 

, V pv\ v .£^ 






XCLil. 


(REF) 


=<f!. 


MjJiS. 

CYCLE 

(HR) 


AC . P 0 W E R 


© 

PEAK 

(MATTS) 


J2JL 

MAXIMUM 


© 

AVERAGE 

(WATTS) 


DEMAND 
(WATT -HR/ 
cycleV 
®X@ 


TOTAL 


DC 


P 0 W £ R 


© 

PEAK 

(MATTS) 


H 


MAXIMUM 


AVERAGE 

(MATTS) 


—(jr 

DEMAND 
(WATT-tm/ 
CYCLE) 


TOTAL 


IHERHAL RiaOlREHENIS 


SOURCE 


LATENT 

(8TU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 




A1c>l<?i c 


Fan 


\Jct"C.r / j pt~<*R g 


TOTAL 


37 p // 2 . 6 s ) rioL 5ti) Zk2Xmi> 

WATT (BTU/HR) MATT (BTU/HR) WATT (BTU/HR) MATT (BTU/HR) 


SOURCE 


Jsfj A. 


0 P E RATI 0 N A L 


P E N A L X X E S / 
ELECTRICAL 


UEIGHT 


THERMAL 

HEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYvCLE) {LB/MISSION) 


VOLUME 

(FTVMISSION) 




TOTAL 


MATTS/CVCLE MATTS/CYCLE.' 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) 


KG/MISSIQN 

(LB/MISSION) 


mVmission 

(FIVMISSION) 
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•■■ V .^. 


APPLIANCC COlICCRT RtQUIREMCmS Aim PC»A ’/Its CALCULATIONS (CONCLUnCO) 

CONCEPT //qt S^rfly Loai>h - f'ot'C^.A ~~ INOb NUHUER /« 3» /» -6_ 

Vlieriml slt^mge 


F X X i 0 H £ i P. 

COMPONENT , (REF) 

JEfljs I Pr c - /i c I'/. cLuyiii: 

JEu-uxj» , 

-V-aIicxiia 



_Eajo — — j — 

-lEackililiLi 1-y 

CKL'J 

I_— _ 

TOTAL 


!i I/V 0 L U M E • R E a U X R E M E N T S 

WEIGHT ' VOLUME 

(les) (FT’) 


* 












' 




V 



S0.3 Lm) , 


K 6 (LBS) * 


/ 


f jiz_siH2 

M’ (FT’) 


TYPE 


,'3^|gF^g irl ./- 


SOXIO EXPENDABLE W T/V 0 L R E ft U X R £ H E N T S ’ 

WT/UNIT (REF) 

(PKG.WT/UNIT)(REF) 

(LB) 


a) 

UNITS/CYCLE(REF) 





WT/CYCLE 

VOL/UNIT (REF) 

VOL/CYCLE 


(PKG. VOL/UNIT) (REF) 
(FT’) 



TOTAL WT. . 

“hiIsTon ■ 


TOTAL_VOL 

MISSION 


CYCLES/DAY 


CYCLES/OAY 


2 ® 


TOTAL WT/CYCLE 
(LB) 


OAYS/MISSION 


OAYS/HISSION 


TOT. WT/CYCLE 

(LB) 


TOT. VOL /CYCLE 
(FT’) . 


£(D 


TOTAL VOL/CYCLE 
(FT’) 



5. A S/L XftlLi?. EXP£NO.A.iLiS £ £ ft U X R £ M i X I. §, 

0 

RECOVERY 

TYPE (LB) . FACTOR 


o 

AHT.USED/CYCLE(REF) 

(LB) 


AMT. RECOVERED/CYCLE 

(i)x(i) 

(LbT 


<$) 

• AMT LOST/CYCLE 

®-(|) 

(lbT 


T?)h^e- w(>Ae}r 


£© 


E® 


TOTAL WTi. 

mTssTOn 


' X X 

■cTcrE70A¥"^ DAYS/MISSIOir TOTAL I DST/CYCLg 

. (r (5» 


/•(LB) 


(r O 


KG (LB) 
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• SPACECRAFT Sh uttle ‘ • 

Food 

HABITABILITY SUBSYSTEM Management H ABITABILITY FUNCTION Galley Cleanup 

APPLl ANCE FUNCT I ON DishwashGr/Dryer Combination 

APPLIANCE CONCEPT NO. /TITLE 6/Ultrasonic Wash-CGntrifuge Dry 

INDEX NO. l.'3.1.6 REF. NO. 90 

DESCRIPTION • . ' 

This' concept is identical to Concept 1 except that ultrasonic cleaning is 
us<=*d to clean the dishes instead of a high velocity v/ater spray. No ultrasonic 
efiS'rgy damping is assumed. Drying is assumed to be accomplished by centrifugal 
force at high speed rotation. The concept is included in the trades since 
conceptual data are available; however, the drying method is unproven and 
doubtful. 



I!lf.S.?iAk iiaa.iEI.MENTS 



LATENT 

■ SENSIBLE 

HEAT LEAK 

TO COOLANT 

SOURCE 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 



! 

I 



0 P ERA T I 0 N A L PEN ALT I E S 


# 

SOURCE 


THERMAL 

heat LEAK TO COOLAf<T 

(PTU/HR/CYCLE ) ( BTU/ HR/CYCLE ) 


• ELECTRICAL HEIGHT 

(PK WATTS/CYCLE) (LB/HISSION) 


VOLUME 

(FT’/HISSION) 




(BTU/HR/CYCLE) (BTU/llR/CYCLE) ^ ^ {fT^/MlSSlOM) 
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j MrrLinnu, LUMttri kl^uIKI;MCNTS AfJD PLNALTIt:> l 

CONCEPT. - ‘ Ceni-ti -f»o^ dr'/lhj) 

£ i X £ 0 U £ i C H.T/V 0 I U M £ i £ ft U T R £ H £ ,N T S 


APPUANCE CONCEPT RtQUlRt'MCNIS AND PtNALTlES CALCULATIONS (CO.ICLUDEO) 

INDEX NUHBLR I. ?!) , U G 


COMPONENT . ' (REF) 

-JEnmp 

-2^.. .A ccuMvLs.lfl.'i Q.r.^ 

-yj?iliiinru 


-W -g. -i £ p/j-i ji'l Dir 


-figjiixucJlur- 


JEeLcJici^iiic; 

■3? Ls li, g g ../ " ll- i e ji ',>!-y .<: p>. 

.r n :>i<il..- _ 


WEIGHT 

(LBS) 


VOLUME 

(FT3) 


TOTAL 


C B7.3j 


KG (LBS) 


0.50 C17,b ) 


M3 (FT3) 


c 


SOLID £XP£N0ABL£ M X^i ft k ft i ft ft i ft £ H £ ft 1 1 

@ (D © ® 

© WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE. 

(PKG.WT/UNIT)(REF) ®X® (PKG.VOL/UNIT)(REF) 

TYPE UN1TS/CYCLE(REF) (LB) (LB) (FT3) 

■Ta£d:£Jl^£iL4/..^ 


TOTAL WT. . 
ITl'SSIOTr ' 


TOTAL VOL 
MISSION 


CYCLES/OAV 


CYCLES/DAY 


E® 


TOTAL WT/CYCLE 
(LB) 


OAYS/MISSION 


DAYS/HISSION 


TOT. WT/CYCLE 
(LB) 


TOT, VOL/CYCLE 
'(FT3) 


E® 


/UL/C TU1.C 


TOTAL VOL/CYCLE 

(FT^) 



TYPE 

V/as/y K.<A-i-er 
h <e L»jc<A-e.T . 


ftftS/LiftUiD £XP£NDABLES ft £ ft ft £ ft £ H £ N T S 

RECOVERY 
FACTOR 


© 


AMT.USEO/CYCLE(REF) 

(LB) 


amt. RECOVERED/CYCLE 
@X(|) 

(LbT 


© 

AMT LOST/CYCLE 
©-® 
(lbT 




E® 


TfifAL Mr. . 

missTur * 


' ' - X X' ■ 

"TYCLETDilfY "MYl/Hl^OfT” Y6TAL LOSt/Cm 

(t (3» 


E0 


(LB) 


(e O 


~"“kgTlb) ' 


B2-85 






D'>-n856(-2 


SPACECRAFT Shuttl e 

Too3 • ■ 

HABITABILITY SUBSYSTE M Managoinent H ABITABILITY FUNCTION Gancy Cleanup 

APPL I ANC E FUN CT I ON Bishv/ashof/Dryer Combination 

APPLIANCE CONCEPT NO. /TITLE. 7/UUrasonic. Wash-Forced Hot Air Electric Dry 
INDEX NO. J-3.1.7 REF. HO. 90 

DESCRIPTION ^ • 

Ultrasonic cleaning is used to clean the dishes, with no ultrasonic energy 
assumed lost due to damping. Drying is accomplished by a circulating flow of 
air over the dishes which is heated by an electrical heating element. The 
heater also heats the dishes by radiation. Heater size is based on 1 hour 
drying time. 
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■ A^P' lANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS » 1 1 -f n 

INDEX NUMHER I • ^ . 1 • (. ■ 


CONCEPT U y \c. I y K s ji - fofcfiX Koi rtirelMr/c 

ikL£IB.].,c A L £ower R e au 15, e m e n t s 

USE^MI 


AC . POWER 


COMPONENT (REF) 


USE TIME 
cycLE 
(HR) 


© 

PEAK 

(WATTS) 


© 

AVERAGE 

(WATTS) 


DEMAND 

(WATT-HR/ 

CYCLE) 

®X(^ 


DC POWER 

^ 

® ® DEMAND 

PEAK AVERAGE 


(WATTS) 


(WATTS) 


CYCLE 

®X 


a 


.tAcrl.Al. 


h-lpfi J-g r 


jail. 


nr pr 

— 


747 


zn 


MAXIMUM 


TOTAL 


MAXIMUM 


IM£E?iAk £Liki££fll!!.Is. 


SOURCE 

Wrt'l-cy- 


LATENT 

(BTU/tm) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


jBdJlljJ- 


H F~ wf hPt‘~A4or 


/I 




TOTAL 


^2- . ' 
WATT (BTU/HR) WATT (BTU/HR) 


WATT (BTU/HR) 


OP E R A T I 0 N A L 


PEN A LUES 
ELECTRICAL 


WEIGHT 


SOURCE 


THERMAL 

HEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) 


a/Ja 


TOTAL 


WATTS/CYCLE WATTS/CYCLE 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) 


KG/MISSION 

(LB/MISSION) 




TOTAL 


TO COOLANT 
(BTU/HR) 


WATT (BTU/HR) 


VOLUME 

(ftVmission) 


mvhission 

(rTVmssiON) 


D2-II856I-2 


CONCEPT 


APPLIAHCC COHCEPI KCQUlKe-iLHrS AND PEHALflES CALCULATIONS (COHCLUOtDj 

i^>K“'porce4 oci»- eledric, c(ry index mwm_hJh.rljtIL 




Li*ES lil/v 0 k y. ?1 L ' E. k ft k i E k M k N 1 5, 


component - ■ (REF) 

-^£23i>k wa-slier/ cttygr 

- 

.2L—A^ c r. LU nii nip 

_ycdidu{}. : : 

^^Lc.L£l^. — ^.^LLicxcd^i: 

_£ui ^ 


X2Jiij'.5Ji<L5r_ 


_!Kc.c-k_o.^i I \ C\ j 

; 

TOTAL 


UEinilT 

(LOS) 


H-^.s ( 7~sT 


KG (LBS) 


VOLUME 

(FT3) 


o-so^Cn.^ 


H3 (FT3) 


SOLID kkEkNDABLE WT/VOL EkftftiEkHkEIS 

® CD ® ® 

^ WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE. 

^ (PKG.WT/UNIT)(REF) (1)X(|) (PKG.VOL/UNlT) (REF) (|)X@ 

TYPE UNITS/CYCLE(REF) (LB) (LB) (FT-V) (FTS) 

eicd/ 

ig^rjivijciii£_ I!- 


TOTAL WJ^ 
"mTssiT)n ■ 


TOT AL VOL 
■ MISSION 


CYCLES/DAY 


CYCLES/OAY 


S® 


TOTAL WT/CYCLE 
- (LB) 


OAYS/MISSlOH 


OAYS/HISSION 


TOT. WT/CYCLE 
. (LB) 


TOT. VOL/CYCLE 
(FT3) . 


E0 


Total vol/cycle 

(FT3) 


KG TlbT 


0.0^ 

—■ — 
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• APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS 

CONCEPT UlfrnSrnlc UM ih- forced cold «ir civ'/ - cies/'ccanf^ index number. 


/■ /• 9 


. al€Lci ricnl ly 

' itiCIRiC 


£iki£l&i£Ak ££E£i 1£ £ £ i £ £ Hi !i 1 £ 


COMPONENT 

. Va l v . c i:-.. 


USE TIME 
CYCLE 

(REF) (HR) 


A'l c»4oi- 


yiump- 


Ffl.v> 


■■'Hfiii.gr 


H F nC'\^erA\b\-_ 


A c 


POWER 


(D 

PEAK 

(WATTS) 


■ /4> .7„ 

MAXIMUM 


(D 

AVERAGE 

(WATTS) 


DEMAND 

(WATT-HR/ 

CYCLE) 

(3)X@ 


TOTAL 


D C 


P 0 W E R 


PEAK 

(WATTS) 


77 


MAXIMUM 


© 

AVERAGE 

(WATTS) 


DEMAND 

(WATT-HR/ 

CYCLE) 

(3)X(Z) 


TOTAL 


VJcA 


SOURC 

k 

E 

'PuttlE 

UP 

’ ^ — . 

— — — :r- 

Mo-I or 

Urn: 

ich/ -Ctf 

f 



TOTAL 


I H i B. H £ k B.I. £ £ i B. i H £ £ 1 1 


LATENT 

(BTO/HR) 


^2 (:^V:2.) 

WATT (BTU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


WATT (BTU/HR) WATT (BTU/HR) 


TO COOLANT 
(BTU/HR) 


WATT (BTU/HR) 


SOURCE 


A/ /A- 


0 P E R A T 10 N A L 


P EN A LT i£ S 
ELECTRICAL 


WEIGHT 


THERMAL 

HEAT LEAK TO COOLANT . 

(BTU/HR/CYCLE) (BTO/HR/CYCLE) (PK WATTS/GYCLE) (LB/MISSION) 


VOLUME 

(FT’/MISSION) 


TOTAL 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


WATTS/CVCLE 

(BTU/HR/CYCLE) 


KG/MISSION 

(LB/MISSION) 


■ MVMISSION 
(FTVMISSION) 


02-118561. -2 


Al’lllANCC CONCLI'I lir.QUll;F:KUtrS Atui rtN^UrilS-CALCULATIOHS (cbficiuotD) ■ 

coNCLPTjUij:i:ja5ijaLc - F o r cc i c«.M dry .^I'r - tiuniiEw 3 . // E 

eWc"|- vi'ci'illy cle ior)j(3c{. 


1 1. i R !i y. £ i !i U-.VJ' 0 k y. !i £ !i k <l y. i R t !?, k !i 1 5. 


COMPONENT , . ' (j<EF) 

Bq. ^/.c wadrfiv/ h- y e.'C 


J£u. 


rti-iu. 


JS. d££OH:kLcJ:ii.Ci. 




• I * ! J 


^ ' C -i-lUX 


iL 


-fa>y 


.XU.V 


Itc-lk 


Li; 


-l Ec yckcuj iiu^-. — 7-~ •— 

, cs. 

TOTAL 


HEIGHT 

(LOS) 


VOLUME 

(FT’) 


^3 (9^ 


Cl9.z) " 


KG (LBS) 


H’ (FT’) 


TYPE 


SOLID EXPENOABLE M T/V 0 L R£fiUXREHEHTS 

WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE 

(PKG.KT/UNIT)(REF) (Dx(|) (PKG.VOL/UNIT)(REF) 0X@ 




^g±.li\i-Cix[g- 


UNITS/CYCLE(REF) 


(LB) 


TOTAL WT. . 

'ffi'ssroTi" ■ 


TOTA L VOL 
MISSION 


CYCLES/OAY 


CYCLES/DAY 

9^ 


DAYS/MISSION 


OAYS/I'USSIOM 


s® 


TOTAL HT/CYCLE 
(LB) 


TOT. WT/CYCLE 
(LB) 


TOT. VOL/CYCLE 
(FT’) • 


(FT’) 




"TOTAl VffL'/CyCLE 
(FT’) ■ 


K(5 (LS) 


\ d.oo'o& ^V O' oz ) 




TYPE j 

..Vskik. -.WA-ld 


yAi/kiyyiy I.X PEHDA BLEI AEftyiR^M ENTS 

@ d) 

RECOVERY^^^^ ^^^^^ ^ AMT .REWE^/CYCLE 

TYPE V (LB) FACTOR (L^ 

r V 


CD 

AMT.USED/CYCLE(REF) 

(LB) 




E© 


E 0 


WIT LOST /CYCLE 

®,uf 


TOTAL WT. 

“ilTsSfOir 


X'/ ./.X- 

cTcLt/'tiiVY ~ T)AYs7MTsiyW''' 

(s (;i« 


(LB) 


iZ Q 


W.' (LB) 


B2-91 





D2*U856r-'2 


SPACECRAFT Shuttle ’ ' * •• 

Food . • 

HABITABILITY SUBSYSTEM Hanacjcnient HABITABILITY FUNCTION Galley Cleanup 


APPLIANCE FUNCTION Dishv/asher/Dryer Combination 

APPLIANCE CONCEPT NO. /TITLE 9/UItrasonic Wash-Forced Hot Air Dry-Thsrnial Stor age 

INDEX NO. I.I 1.9 REF. NO. 90 

DESCRIPTION ' , 

Ultrasonic cleaning is used to clean the dishess with no ultrasonic energy 
assumed lost due to damping. Drying is accomplished by circulating a flow of 
air* over the dishes. K'asher v/ater is routed through a thermal storage unit 
v/hich stores heat to be used during the drying cycle to heat the inlet air. 
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SPACECRAFT Shuttle, 

I'ood • ■ 

HABITABILITY SUBSYSTE M Manfl aoir. ent H ABITABILITY FUNCTION Galley Cleanup 

APPLIANCE FUNCT i ON Dishv.'a‘;hGr/DryGr Combination . 

APPLIANCE CONCEPT NO. /TITLE 10/ManuaT Wash-Manual Wipe Dry 

INDEX NO. 1.3.1.10 REF. HO. 90 

DESCRIPTION 1 


In tills concept, the dishes ate sealed in a Teflon bag equipped with a rubber 
glove on both sides. The crewman manually scrubs the dishes by fitting his 
hapds into the gloves. When vvashing is completed, excess water is squeezed 
out of the bag and the dishes are wiped dry with a towel. It is assumed, 
according to Reference 90, that 0,136 kg (0.3 lb) of water is wiped by the 
towel, and that a clothes dryer is available to dry the towel. For this 
purpose, clothes dryer concept 3. 3. 2.1 (forced hot air-electric) was assumed. 
Since the clothes dryer penalties were based* on removing 0.454 kg (1.0 lb) of 
water, the penalties for that concept v/ere multiplied by 0.3 and added to this 
dishv/asher/dryer concept. ’ • • 


/ 

7 
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; APPLIANCC CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS 
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HABITABILITY SUBSYSTE M Food Management 

HABITABILITY FUNCTION 1-3 Cleanup 


APPLIANCE FUNCTION 1.3.1 Dishwasher/Dryer with Disposables 


NUMBER OF CONCEPTS CONSIDERED 


ASSUMPTIONS 

AlVthe automatic dishwashing data found have been for single integrated 
washer/dryer units. Three washings per day were assumed, with 4.5 kg (10 lbs) 
of water used for washing and 4.5 kg (10 lbs) for rinsing. It is assumed that 
0.09 kg (0.20 lb) of residual water remains on the dishes after washing to be 
removed by the dryer. Washing time and drying time are each assumed to be one 
hour. 

The amount of dishes required by the crew, assuming an automatic dishwasher/ 
dryer is aboard, was computed and included with the washer/dryer penalty. This 
was necessary to compare with the disposable dishes. The packaged weight and 
volume of the dishes were taken from the disposable dishes study, (see results 
in Table B2-5). The total dishes/utensils/cups required with the dishwasher 
for a four-man crew is.4.6 kg (10,13 lbs) and 0.023 cu m (0.81 cu ft). 

The four highest rated dishwasher/dryer concepts from the trade studies 
performed for appliance function 1.3.1 were, selected to trade with eight of 
the highest rated disposable dishes cases. 


B2-98 



CD 

ro 


VO 

iO 


_CONCCtT^ 

MO* 


o 

o 

o 

0 

o 

o 


TlHE 


^CONSUHAbLCS -ANO FLOM_;REOUIrEHENTS THeRMAU. «EOhTs_ 


.Ctet ^^CgnTS »T/V0 l REg«T5 _0E VCL0P^*e**t— .•t5UPF^T_ 

COST 


*MTf 


PK P»R 


AV6 PPR 


WEIGHT 



HRS /U$E 

<•» 

•KG/USE- 

(LB/USE). 

• 

j*L 

-mmhg. -deg c- 
j.b.5IG)„(deg ri^ 

-watts- - 

.,(BTU/HR)_(B 

watts-”* 

TU/HRt 

oc 

-watts- 

oc -ICG* ~ -CU 

-watts- (ues) (cu ft) 

« •• ) 

( ••• ) 


-ICG- 

(LBS) 


• •• 





247. 



321.6 .48 


.*•< 



V 


5 

.9.0720 

• nn 


• fl .0 


0 • — 

lOO.p 

.n 

3 


_ _ .0 ___ 



2>0Q0 


(20.0000)1 

.00) 

( 

.0)1 .0) 

( 

0. ) ( 

645.) 

50.0 

• 0 

( 709.0) ( 16. 9Q) 



( 

• 0) 


t 

3*C00 

f 

9.0720 

.00 


• 0 .0 


169. 

2 47. 

1 1 i *0 

• 0 

326.0 * *48 

3 

50 


.0 



?*Qon 


(20.0000)J 

•Q0L_ 

_± 

.0] 1. fO) 

(_5&|.» C 

6 45. ) 

2)7.0 

.0 

( 723.0)-C J6.9Q) 



r 

- *•0’ 


1 

v.fjoo 

P 

9.0720 

.•cc 


. n .n 


_ 6S • 

^46. 

116*0 

♦ Q . 

_ 325.5 .52 


75_ 


.0 



2»000 


120.000PM 

.00’ 

c 

.0) ( .0) 

( 

221.) ( 

83 9. ) 

)06.0 

*0 

i 717.7) ( )8.50> 



( 

• 0) 



3*000 

9 

9.0720 

• 00 


.0 .0 


9p. 

234, 

14.7 

• 0 

305.9 .30 

2 

35 


• 0 



__ 2«noo_ 


(20.. 000 0 ) L • OQ) 

JL 

*Ol C .0) 


. 135.) (_ 

.BOO. )_ 

45.0 

...0 

( 674.3) ( 10.70) 




*o)_ 


« 

. "Imfinn 







O'# 

o._ 

.0 

_• 

2C.3 _ .19 

1_ 

_IQ 


*0 



• 333 






( 

0.) < 

A.) 

• 0 

.0 

1 44.7) I 6*70) 



< 

cO) 

, 


3.000 


- 





0. 

~ o.~^ 

.0 

.0 

20.7 .46 

1 

10 


.0 



. \ -i *i 






J, 

0. ) < 

0. 1_ 

.0 

.0 

( 4 5 • 7 )_(_1 6 . 40 ). 



f 

.0) 



\.nnn 







o._ 

Q..^ 

.0 _ 

rC.— 

- 19.8 #21 _ 

1 

)0 


.0 



.333 






f 

0.) ( 

0.) 

.0 

.0 

1 43,6) ( 7.30) 



f 

• 0) 


t 

3.000 







0* 

'“o. 

*6 

• 0 

^20.2 ' ^.46 

_ 

“6~ 


_ ^ ^ 



• _ .33 3 






-I. 

0.) L 

„0.)^ 

*o_ 

• 0 

.( 44>6 ) 17.10). 




.0) ^ 




D2 -II 8561 -2 







D2 ■118561:2 


AfPUANCE 

CONCEPT 

NO* 


D2-N856I-2 


CONCEPT 


N A N E 


.. hot WaTCR SPRaT-CENTR!FI)OE ORVJNG ... 

H«T rtATER SPRAT-rORCEO uOT AIr cLECTRiC HEaT oRTtNc 
, hot Water sprat-eorced iIR/OJsiccant/electrjcalut heated . ~ 

HAMUAL WaSm-MaNUAL WIPE 

..disposable COps-REOSABtr HrTALLlC UTEMSJLS and OtSHES — 
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5.00 

5.00 

5.00 

5.00 


3*.00_ 

_1 3.00 

13.00, 

13. 0 0^ 

_!3 *0 0 

78.15 

72.83 

61.69 

76.38 

81*09 

76.02 

91*99 

85*68 

TT*05 

8 9. "IT 

7^6^ 

~~8 9^9 9 
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX 

APPLIANCE FUNCTI^ COMBINATIONS WITH DISPOSABLES (PAGE 1 OF 2) 

NUMBER OF COMPONENTS 
COMPONENT TYPE ' III T ^ i I [ 1 \ 1 " ~ 


APPLIANCE TYPE ^ 

HOT WATER SPRAY-CENTRIFUGE DRYING 2 

HOT WATER SPRAY WASH-FORCED HOT Z 
AIR ELECTRIC HEAT DRYING 

(pg. 102) 

'HOT WATER SPRAY WASH-FORCED COLD 2 
AIR-DESICCANT-ELECTRICALLY 
HEATED (pg. 104) 

MANUAL WASH-MANUAL -WIPE 1 

DISPOSABLE CUPS REUSABLE METALLIC - 
KNIVES, FORKS, SPOONS REUSABLE 
METALLIC DISHES 

DISPOSABLE CUPS REUSABLE METALLrC- 
KNIVES, FORKS ^SPOONS 
. •DrSPOSABLEMONMETALLIC DISHES 

DISPOSABLE CUPS DISPOSABLE 
NONMETALLIC KNIVES , FORKS , 

SPOONS REUSABLE METALLIC DISHES 

DISPOSABLE CUPS DISPOSABLE 
NONMETALLIC KNIVES, FORKS, 

SPOONS DISPOSABLE NONMETALLIC 
DISHES 


oc 

0 

1 

Q- 

s: 

ZD 
g. 

UJ 

> 

-j 

c 

■> 

s: 

ZD 

o 

0 

© 

© 

© 


oc in X 
. O i/1 o 

<C SI 

\a:a: in a: 

I LU C 

1 »— cu C UJ 
<C uj d: o 


0 o£ 

01 a: UJ Lu 

I— LU H- 

^ ^ o a: <c 

O k-i LJ O 

JL> XU 0_ 


@ 0 1 @ I €D O Q I Q 


1 2 2 1 1 1 -. 1 
1 2 2 111 1 1 


13 2 1 1 1 1 1 


1 1 


1 1 1 


12 1 
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SPACECRAFT Shuttl e 

Food 

HABITABILITY SUBSYSTEM Management IIABITABII.ITY FUHCTIOH Galley Cleanup 


APPLIANCE FUNCTION Dishwasher/Dryer with Dishes 

APPLIANCE CONCEPT NO. /TITLE 1/Hot Water Spray-Ce'ntrifufie Drying 
INDEX NO. 1.3.2. 1 . REF. NO. 90 

DESCRIPTION 

This is the sane concept presented in Section I.3.L.I. It is included here 
to compare with the case whene no dishwasher/dryer is used and dishes are 
either disposable or hand-wiped clean. 


D2-II8561-2 


CONCEPT Hof lK>a 


APPLIAMCC CONCEPr REQUIREMENTS AND PENALTIES 

— ce>i^ rZ/ugc , cbryiu^ 


CALCULATIONS 


INDEX NUMBER 



£kl£IB.J.£& k lowER Ek£u l&LIlklli 


POWER 


(WATTS) 


AVERAGE 

(WATTS) 


<3T“ 

demand 

(WATT-HR/ 

CYCLE! 

®X(2) 


(D 

PEAK 

(WATTS) 


AVERAGE 

(WATTS) 





THERMAL 

REQUIREMENTS 


. 


LATENT 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

SOURCE 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

. (BTU/HR) 





TOTAL 1. : ________ 

WATTS/CYCLE WAITS/CYCLE KG/HIS5I0N MVMISSION 

(BTU/IIR/CYCLE) (BTU/HR/CYCLE) (LB/HISSION) (FTVHI5SI0N) 
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• APPLiAfICE COUCtPT ((CQIJlftE'KtrnS A«l) PL.’.'ALTIES CALCULATIONS (CONCLUDED) 

ce^-fr; Ai^e ^(ry' index number f. 3>. 2. 1 


LiiS.£ H.X/V 0 L U H E • R E ft U i R E H E N T S 


COMPONENT , " (REF) 

■■?EUlEp- 

I I ^ 

■Vvj t» •)• e I- ■sgpi'.rt»--<t>r 


■SC^-f 

J> i :L k €!^ /' n i in if ii.pA. 
-Trie . / __I_ 


WEIGHT 

(LBS) 


VOLUME . 
(ET>) 


total 


33. sZl^o) 


KG (LBS) 


0.¥77 LiG.^) 


M3 (FT3) 



VOL/CYCLE 


.^szJcjoiSdJA^ 


i fi k i 0 E X P E N 0 A B L E W T/V 0 L R E ft k i R. i M £ N I S 

© @ ® 

© WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) 

(PKG.WT/UNIT)(REF) <T)X© (PKG.VOL/UNIT)(REF) ®X® 

UNITSyCYCLE(REF) (Lb) (LB) (FT*) iFTi) 

1 ♦Pin »Pj2. . 0002 .^ . 0002, 5 

C -ai ^ - ) -■ ■■ • .Q QQ3f5 


TOT AL W T. 
KTSSION 


TOTAL VO L 
MISSION 


CYCLES/OAY 


CYCLES/OAY 


ZO,S 


E@— -t-OlA 


DAYS/ltlSSION 


2.0.5“ 

DAYS/HfSSION 


TOTAL WT/CYCLE 
(LB) 

,01Z 

TOT. WT/CYCLE 
(LB) .. 

. aobzs' 

TOT.VOL/CYCLl 
(FT3) • 


E® — 

TOTAL VOl/CYCLE 
(FT3) 


KG (LbT 


0.0 CO 63 ( o.ozTl 
— ^ - - m^ TftV 


i A s/ki fly i £ 


TYPE 

vj<?Acr. 


© 

AMT.USED/CYCLE(REF). 

(LB) 

w • 


E® 


2.0 


T()TAL_WT. , 
"KISSIOTT 


RKOVERY 
FACTOR ' 

_Q.' 


jL..a. 


REftUiREHENTS 

AMT.RECOVEREO/CYCLE 

®(I:b? 

' 0 


10 ., 


AMT LOST/CYCLE 

(T)-(|) 

(lbT 

■— _/ 0 


E® 10- 


i O. 5 X 1 0. 6 \ S’ * -ZO • UzsTl 

;/HissroN' total LOST/CYCLE "'■~kg"(lbF 

• (r dJ (LB) (r (D 


.3 X a 0.5 X 

TTcleToRy DATs/Hiss ion' total lost/cycle 


B2-108 




02-118561 6 


i I 

* 

<;pAnr.ci^ArT Shuttle 

' IIABnAlUI-1 lY SUBSYSTO I Ma na gomcnt HABITABILITY i- UIICT I ON 

APPUAUCr. illKCTION Di shwasher /Dr yer with Di she s . „ 

APPl lAK'Ci: r.nK'CFPT MO. /TITLE ^/Hot Water Spray - Forced Hot Ai r r.loc tric Heat Dr ying 

INDEX MO. ^‘3.2.2 RFI-. NO. ?0 


DESCRIPTION • This is the same concept presented in Section 1.3. 1.3. It is included 
here to compare with the case where no dishwasher/dryer is used and dishes are 
either disposable or hand-wiped clean. . 
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APPLIWICE CONCEPT RCgulRLHENTS AfID PENALTIES CALCULATIONS •» » /, -s ^ 

INDEX NUKOER /> . 2 / Z . 


I / I I KiyujKi,nLr(ii Wiu Pt.MrtURb 

K/<a£,^ - fotccd )to+ air 
. elecihit. Jcry . 

EkiilSLCAt POWER £ E ay.iR E M £ NT S 


COMPONENT . 








(REF) 


Vfl I Vi t ers * . • 

..fnu. 


• ® 
USE TIME 

CYCLE 

(HR) 


AC. POWER 


PEAK 

(WATTS) 


(D 

AVERAGE 

(WATTS) 


~~W~ 

DEMAND 

(WATT-HR/ 

cycle) 

®X@ 


0 C P 0 H E R 


© 

PEAK 

(WATTS) 


AVERAGE 

(WATTS) 


OEI^O 

(WATT-HR/ 

cycle) 

(DxQ) 


-ILL 

MAXIMUM 


TOTAL 


zn 

MAXIMUM 


TOTAL 


I H I. R w 4 k R ' i 9. k 1 R 1 !1 k k I i 


SOURCE 

. T^fytp ' 

K Pa-/- /p S S I 

' ■■■Fart — ,■....■, — — 

ft -lor 

*1* hy > • 


TOTAL 


LATENT 

(BTU/HR) 


(czlziT^ 

WATT (BTU/HR) 


SENSIBLE 

(BTU/HR) 


WATT (BTU/HR) 


HEAT LEAK 
(BTU/HR) 


WATT (BTU/HR) 


TO COOLANT 
. (BTU/HR) 


•WATT (BTU/HR) 


SOURCE 


operational' RE N AL TIE S. 

THERMAL FlFrxRlCAl 

HEAT LEAK TO COOLANT ELECTRICAL 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) 


WEIGHT 


mJj— 


VOLUME • 
(FT'/MISSION) 


TOTAL 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


KG/M I SSI OH 
(LB/MISSIOH) 


mvmissioh 

(FT3/HISS10N) 
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... APPIIAHCC COMCCIIl KCQUIREMDITS AtlU PtliALTItS CALCULAIIOMS (CO;iCLUOtO) 

oriCEPT Hot r,p >ray ivath - Fov-ced lioF cvir index number /. 3 . 2 . Z 

eUcHv“ic Uotc{~ dv-y 


£j. x.E. fi 'B. k.qu is, E HE M T s 


COMPONENT . (REF) 

Y .J.I 

1 , ^ 

P- j A c ciiiri-'/ t nro)rS 

— _ — 

5e iuu-A<cr 

Fait ^ — 

..Tr^ c k n^W — y 

T> 'tSh p / i' ^}n ^ / CM ;>!S . 


WEIGHT 

(L8S) 


VOLUME , 

ifV) 


^ C9S 

K6 (IDS) t 


MS (FT*) 


sqiiq expendable WT/VOL BEftqiREMEtTTS 

® @ ~® 

^ WT/UNIT (REF) WT/CYCLE VOL/UHIT (REF) 

Vy (PXG.WT/UNIJHREF) ®X® (PKG.VOL/UNIT)(REF) 

UNITS/CYCLE(R£F) (LB) (LB) . (FTS) 


VOL/CYCLE 


TOTAL WT. 
MISSION 


TOTAL VOL 
MISSION 


CYCLES/OAY 


CYCLES/OAY 


DAYS/MISSION 


OAYS/HISSION 


S'® 


TOTAL WT/CYCLE 
(LB) 


TOT.wr/CYCLE 

(LB) 


TOT. VOL/CYCLE 
•(FT3) 


E(D 


TOTAL VOL/CYCLE 
(FTS) 


KG OBF^ 


O.OO0G3 (O.OA-) 
iFlfFT^' . 


LlL±-i biX 


£ A S/L i a 0 i q ■ E )f p E N D A B L E S RE a U 1 E i H E N T S 



a> 

AMT.USEO/CYeLE(REF) 

<2> 


0 


RECOVERY 

At1T.RECOVEP.EO/CYCLE 
@X® . 

AMT LOST/CYCLE 

0-(3) 

TYPE 

(LB) 

FACTOR 

(L^r 

(L^r 


2 ® 


2® 


TOTAL WT. , 

■MTsmiT 


X X 

“Mys/mis^'on 


fO'tAr LO'STTCYCiJ 

(r 


\S 33 .Lk} 

KG (LB) 
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SPACIXRAI T 


Shuttlft 


IIABlTAlilUTY SUBSYSTC M Manacjemont 11AIUTAI>I1.1TY rilUCTION Galley Cleanup 

API'l.IANCi: RINCTION D ishwasher/Drycr wit h Di shes L__ 

APPUARCl- CON'CKPT N0./T!TU3 3/liot Water S pray - Forced Air/Desiccant/Desorbed El eGtrical 


imo: m. 


1:3.2. 3 


UPF, NO. 


DESCRIPTION : This is the same concept presented in Section 1.3.1. 4. It is included 

here .to compare v;ith the case where no dishwasher/dryer is used and dishes are 
either disposable or hand-wiped clean. 
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APPLIANCE CONCEPT REQUIREMENTS MO PENALTIES CALCULATIONS 

Lit. - -force^t-coU cilr index number. 


1 . 3,2, 3 


£kL£lRl£4k rower SEa!iiEkM c n t s 


USE TIME 


AC ■ P 0 HER 


COMPONENT ! 


(D 

PEAK 

(MATTS) 


(WATTS) 


OEtWtO (?) 

AVERAGE ^cVCLEl”^ 

(WATTS) ®X(3) (MATTS) 


DC P 0 W E R 

AVERAGE 

(MATTS) 


0EMM!0 

(WATT-HR/ 

CYCLE) 

<i)x<2) 



MAXIMUM 

TOTAL 

MAXIMUM 

TOT/ 


T Ht R M A L 

S k a 0 i i £ N k N T S 




LATENT 

SENSIBLE 

HEAT LUK 

TO C\)OLANT 


(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

; (BTU/HR) 


1 





VJ<vl-er ( 


MATT (BTU/IIR) 


2.H(A%2>H. 

MATT (BTU/HR) 


MATT. (BTU/HR) ’ 


ORlRATiONAL PEMALTiES 
THEW1AL FiFriRirAl 

I CAW VA CArtt A*IT CLtl»l 


65C22r 

.WATT (BTU/HR) 


THEW1AL ELECTRICAL WEIGHT VOLUME 

HEAT LEAK TO COOLANT tLECTRICAt wtibHi vuLunt^^ 

(BTU/HR/CYCLE) (BTO/HR/CYCLE) (PK MATTS/CYCLE) (LB/HISSION) ^ 


•JATTS/CYCLE 

(BTU/IIR/CYCLE) 


WATTS/CYCLE 

(UTU/IIR/CYCLE) 


KG/MISSIOH HVHISSION 

(LB/HISSIOH) (FTVHISSIOH) 
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AmiAtICE COIKtPr RCQUktiinUS AIIO PtNVUVUS CALCULAIIONS (CO/.XLUDtO) 
c0NC£pr^ei.jyjLl£.C_/45/:<^y tw Foircei( clesiccftni • index number . 3 «Z .3. 


COMPONENT 


/ &0 slg. ^hc)r / A\‘y r.t' 

JiLii^hxp. ; 

2 Acxunii.* i <:»•! 


£ 1 xe o WEio h jyv 0 i u m e -R £ ftu.i R e h i n is 

WEIGHT 

(REF) - (IBS) 

, ^ _ 


V I h o 




■■ X> g s i crot\i' 




^ii.hrC / i.i 4intolsyc.Uj3‘? 


.JE±iid 


VOLUME 

(FT3) 


TOTAL 


37. 5* ( <&2,7) 


.^Z5 C /8^5) 


KG (LOS) 


H3 (FT>) 


iSLiB expendable MT/VOL REaUIREMEHTS 

® (D 0 © 

© WT/UNIT (REF) HT/CYCLE VOL/UNIT (REF) VOL/CYCLE 

(PKG.WT/UNIT)(REF) ©X© (PKG.V0L/UH1T)(REF) 

TYPE UMTS/CYCLE(BEF) (LB) (LB) ,{FT3) 

! , 

(^.^.t-lYUAligL- ^ ! ;■■ I 


TOTAL WT. , 
HfSTRiN 


TOTAL VOL 

hTssicn 


CYCLES/OAY 


CYCLES/OAY 


OAYS/HiSSIOH 


OAYS/MISSIOH 




TOTAL HT/CYCLE 
(LB) 


TOT.UT/CYCLE 

(LB) 


TOT. VOL/CYCLE 
(FT5) 


E® 


/UL/UIULC 


TOTAL VOL/CYCLE 
(FT3) 



TYPE 


iAS/tigUiO EXPENDABLES R E B B i E. £ !i £ N I s 

© 

RECOVERY 
FACTOR 


0 


AMT.USEO/CYCLE(REF) 
. • (LB) 


AMT. RECOVERED/CYCLE 

(3)x® 

(L^ 


0 

AMT LOST/CYCLE 

®(uf 


X® 


TOTAL_WT. _ 

“mission 


X : ■ X' 

■cVELiTiJAY “oATYS/klssioN lor'AlToWci^ 

(r 0 


E® 


(LB) 


(r © 




B 2-114 





D2-l)856r'2 



<;pA(:r.cPvAi-T . Shuttle . • • 

llAun AIUI.ITY SUBSYSTRM Food Mana fi einont HABITABILITY FUNCTION Galley Cleanuj) — 
APPl.IANCi: i-iiNCTTON Dishwashcr/Dryer with Dishes ; __j_„ 


APIM.IANCF CONCEPT NO. /TITLE 4/Manual Wash__^ 


INDEX NO. 




DESCRIPTION : This is the same concept presented in Section 1.3.1.10. It is a 

dishwasher concept which is manually operated by a crewman. It is included here' 
to compare with the case where no dishwasher/dryer is used and dishes are either 
disposable or hand-wiped clean, with v/et and dry wipes. 
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latent ' SENSIBLE HEAT LEAK TO COOLANT 

SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTO/HR) 



WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) .WATT (BTU/HR) 


OPERATIONAL PEN A LUES 


SOURCE 


THERMAL 

HEAT leak TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) 


•ELECTRICAL WEIGHT 

(PK WATTS/CYCLE) (LB/HISSION) 



VOLUME 

(ftVmission) 





D2-II866I.-2 


Al’fLIANCt CONCKI'r tll.QUlP.t'laHrS Ario rCfiAUIES CAECULAtlONS (CON’CLUDCO) ’ • 

IMOCX MUMetR /» 


co?<ctPT.j^(3,/2{ft^. [ , .i-jxjjjih. ~ M AH Hal u/ip£ 


tJULifi y £ j. c it I/V 0 l U H E R E.ao I.R E M E N r S 


cortPOfiEHr 

... 


"Tow.^l c/ry 


WEir.llT 

(LOS) 


VOLUME . 

(fTM 


TOTAL 


<7.7 (39.3;n 


TYPE 


SOLID • E X t E N D A B L E 

@ 

© WT/UNIT (REF) 

(PKG.KT/UN'ITjXREF) 
U;UTS/CVCLE(REF) • (LB) 


KG (LBS) 
M I/y 0 L 


D.Zl I lO.l) 


M’ (FT’) 


E i. a 0 1 R 1 M L !t 1 s 

(D ® d) 

WT/CVCLE VOL/UNIT (REF) VOL/CYCLE 

<T;X@ (PKG.VOL/uriIT)(REF) (Ox® 

^(LbT (FT’) TfT’T 


J . 


TOTAL WT. ^ 
^KVSSWi 


TOT/VL_lVOL 

^iMSSfON 


CYCLES/OAY 


CYCLES/DAY 


OAYS/MISSION 


E@ 


TOTAL UI/CYCLE 
(LB) 


DAY S/Ml SSI OH • 


TOT.WT/CYCLE 
. (LB) 


TOr. VOL/CYCLE 
(FT’) • 


, £© 

/ TOTAL VOL/CYeLE 

/ • (FT’) 

['~o;3l p77T^ 

kgTloI 


• c A s/k i a U i 0 ■EXPEN0A8l.ES REaUtREMENTS 

0 ® 


TYPE 

■ tvtr«> le h 


.AMT. USED/CYCLE (REF) 
(LB) 


RECOVERY 

FACTOR 


(D 

AMT. RECOVE REO/CYCLE 
(LB? 


AJIT LOST/CYCLE 

(LOT 


L© 


D0 . 


TOTAL Ur. . 

"inssToir 


• _ . X • X'' _ ' 

TJcl'e/oAY . "■l)Ays7Hrsslio:r” VorffLiroWcVcLf 

. tt (23 


(LB) 


(z O 


&isj 

" F.ii '(iB)' ” 



i 


J 
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SPACECRAFT Shuttle ‘ • . 

HABITABILITY SUBSYSTE M Food Management H ABITABILITY FUNCTION Galley Cleanup 

Appliance function Dishwasher/Drver with Dishes 

APPLIANCE CONCEPT NO. /TITL E 5 through 12/Disposable-Reusable Dishes 

INDEX NO. 1.3. 2.5 through 1.3.2.12 REF. NO. 100, 174, 177, 250, 276 

DESCRIPTION 

A detailed study was made of the .food uteiUils, trays, and cups to determine the 
optimum selection from among a wide variety of possible combinations. The 
possible choices considered in each case are expTained in the following paragraphs 

CUPS 

Disposable nonmetal lie . • This is a prefilled collapsible plastic bellows type 
of cup used on Skylab. The cup is disposed of after use. Data for this case 
wer? taken directly from the Skylab cups (Reference 250). The number of cups 
used was based on the initial Skylab launch value of 1610 cups for 420 planned 
man-days. • 

■ Reusable metallic . This method of drinking resembles drinking from a cup with 
a straw as on Earth. It was tried bn Skylab and was found to be quite satis- 
factory if the right size of straw is used.’ Data for this case were taken from 
Reference 276. It was assumed each man had two cups. One wet and one dry wipe 
were assumed to be used for each cup use, with the number of cup uses the same 
as fgr the disposable nonmetallic case. 


UTENSILS - KNIFE/FORK/SPOON | 

Disposable metallic . This case was included for comparison purposes, although 
it resulted in a high penalty. Utensil weight and volume for stainless steel 
utensils, as on Skylab, were taken from Reference 250 and 177. It was assumed 
one knife/fork/spoon set per man for each meal was used, with no spares. 

* ' ' ’ «. * ... 

Reusable metallic . The same utensils as in the above case were assumed, with 
one wet wipe per man per meal allowed for cleaning as on Skylab. Since Skylab 
hdd three extra utensil sets (Reference 250) for a three-man crew, ft was 
assumed one extra set was allowed per man. 

Disposable nonmetallic . Data for this case were taken from References 174 and 
177, with a 10 percent packaging factor included. One set per man per meal 
was assumed. 

SERVING TRAYS 

Two basic types of trays were considered; (1) ordinary dish type and (2) food 
warming trays. It was assumed the dish type of‘ tray would be used with bulk 
food packaging, while the warming trays would be used with individual food cans. 
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APPLIANCE CONCEPT NO. /TITLE 5 through 12/Disposable-Reusable Dishes (Continued ) 
DESCRIPTION 

For direct comparison, a food packaging penalty was added to the warming trays 
to account for the individual food cans. These penalties were taken from 
Reference 276 for the food mix assumed in this study shown previously for 
the Food Habitability System 2.0. The resulting penalties are shown in 
Table B2-3. 

Reusable heating type . This concept assumed reusable metallic covers for a 
heating tray, wHh two wet wipes and one dry wipe allowed to clean the cover. 
Data for the covers were from Reference 177, and include a 1 0 percent pack- 
aging factor. The food packaging penalty described previously for individual 
cans was added to the total, weight and volume for this case. Based on the 
Skylab use of five food trays for a three-man crew (Reference 250), it was 
assumed six heating tray covers allowed for Shuttle. 

Reusable metallic dish . Data for the dishes in this case were identical 
(Reference 177 ) to the reusable heating tray covers discussed previously, 
except that bulk food is assumed here with no packaging penalty. Again, 
two wet wipes and one dry wipe were assumed to clean the dishes per man. 

Disposable metallic dish . Weight and volume for this type of dish were 
assumed the same as for the two previous cases. One dish per man per meal 
was assumed, with no wipes. Bulk food packaging was assumed; thus, no 
packaging penalty was added. 

Disposable nonmetallic dish . Data for this case are identical to those for 
the disposable metallic dishes above except for dish weight. Dish weight 
was estimated using the same ratio used previously for metallic and non- 
metallic utensils. 

The data for all the previous cases are tabulated in Table B2-4 for the Shuttle 
case. The best eight cases were chosen by inspection, as indicated in the 
table, and included in the trades. To compare the previous cases with a 
dishwasher/dryer concept, a set of reusable utensils/dishes/cups to be used 
with the washer was selected from the previous cases. The number, weight, 
and volume for these items are shown in Table B2-5. These penalties were 
added onto the basic washer/dryer penalties given in Section 1.3.1 for direct 
comparison in the trades. The four best dishwasher/dryer concepts from the 
trades of Section 1.3.1 were selected in this section to trade with the eight 
best disposable dishes cases. 


B2-119 


D2-I18561-2 

TABLE B2-3 

PENALTIES ASSOCIATED WITH VARIOUS TYPES OF DISPOSABLE DISHES CONCEPTS 

FOR SHUTTLE FOUR-MAN CREW 



- 


PACKAGED 

PACKAGED 

D I S P 0 S 

ABLE DISHES - TYPE 

NUMBER 

WEIGHT 

VOLUME 


i 

kg 

cu m 




(lb) 

(cu ft) 


Disposable Nonmetallic 

314 

(21.5) 

(5.95) 


VEHICLE PENALTY 


9.8 

.169 

CUPS 

Reusable Metallic 

8 

(2.0) 

(.187) 

Wet W1 pes 

314 

(5.84) 

(.135) 


Dry Wipes 

314 

(3.12) 

(.125) 


TOTAL 


(11.0) 

(.45) 


VEHICLE PENALTY 


5.0 

.00127 


Metallic Disposable Utensils 

246 

(61.2) 

(2.07) 


VEHICLE PENALTY 


27.8 

.0586 

KNIVES/ 

FORKS/ 

SPOONS 

Metallic Reusable Utensils 

6 

(1.45) 

(.055) 

Wet Wipes 

246 

(4.58) 

(.106) 

TOTAL 


(6.03) 

(.161) 


VEHICLE PENALTY 


2.74 

.00456 


Disposable Nonmetallic Utensils 

246 

(4.87) 

(.81) 


VEHICLE PENALTY 


2.21 

.0229 


Reusable Heating-type Tray Covers 

6 

(5.58) 

(.252) 


Wet Wi pes 

492 

(9.15) 

(.211) 


Dry Wipes 

246 

(2.44) 

(.098) 


F6od Packaging Penalty 


(42.6) 

(4.01) 


TOTAL 


(59.77) 

(4.57) 


VEHICLE PENALTY 


27.1 

.129 


Reusable Metallic Dish-type Tray 

6 

(5.58) 

(.252) 


Wet Wi pes 

492 

9.15 

(.211) 

Dry Wipes 

246 

(2.44) 

(.098) 


tMl 


(17.17) 

(.561) 


VEHICLE PENALTY 


7.79 

.0159 


Disposable Metallic Dish- type Tray 

246 

(230) 

(10.3) 


VEHICLE PENALTY 


104 

.292 


Disposable Nonmetallic Dish- type Tray 

246 

(18.2) 

(10.3) 


VEHICLE PENALTY 


8.3 

.292 
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oeieeiMi paob is 

OF VOSS: oiCALtna 


DISPOSABLE 

NONHETALLIC 


REUSABLE 


TABLE B2-4 

VEHICLE PENALTIES FOR VARIOUS DISPOSABLE DISHES CONCEPTS ASSUMING NO DISHWASHER AVAILABLE 

DISPOSABLE DISHES (TYPE) SHUTTLE 

•KNIVES, FORKS, . • TRAYS ' ' WEIGHT ‘ | Tol 

SPOONS ; LBS I KG CU FT 

REUSABLE HEATING TYPE 142.5 64.6 12.6 

nTSPO<?ARLE MFTAl I Tf ' REUSABLE METALLIC DISH - 99.9 ' 45.3 ‘8.6 

lUdrUdAout WtlHLLlt -TP.. 1 1/11 o - 


REUSABLE METALLIC 


DISPOSABLE NONMETALLIC 


DISPOSABLE METALLIC 


REUSABLE METALLIC 


JDISPOSABLE NONMETALLIC 


E S (TYPE) 

SHUTTLE 1 

• TRAYS ■ 

• WEI 

S H T • 

VOL 

U M E 

1 CONCEPT 


LBS 

KG 

CU FT 

• CU M 

\ . NUMBER 

REUSABLE HEATING TYPE 

142.5 

64.6 

12.6 

.357 

1 * * 

REUSABLE METALLIC DISH 

• 99.9 ■ 

45.3 

■ 8.6 

.244 

1 * 

DISPOSABLE METALLIC DISH 

312.7 ' 

141.8 

18.3 

.518 

* 

DISPOSABLE NONMETALLIC DISH 

100.9 

45.8 

18.3 

.518 

I * ‘ 

REUSABLE HEATING TYPE ' • 

87.3 

39.6. 

. 10.7 . 

.303 

1 ♦ 

REUSABLE METALLIC DISH 

44.7 ^ 

20.3 

. 6.7 

.190 

] 1.3. 2. 5 

DISPOSABLE METALLIC DISH ' 

257.5 

116.8 

16.4 . 

.464 

1 ♦ 

DISPOSABLE NONMETALLIC DISH 

45.7 • , 

20.7 

•15.4 

.464 

1 1.3. 2. 6 

REUSABLE HEAtING TYPE 

• 85.2 . 

39.1 

11.3 

.320 ■ 

! * 

REUSABLE METALLIC DISH • . 

43.6 

19.8 

7.3 

.207 

1.3. 2.7 

DISPOSABLE METALLIC DISH 

255.4 . 

116.3 

17.1 

.484 

■* 

DISPOSABLE NONMETALLIC DISH 

44.6 

20.2 

17.1 

.484 

1.3. 2. 8 

REUSABLE HEATING TYPE 

132.0 : 

59.9 

7.1 

.201 

★ 

REUSABLE METALLIC DISH 

89.4 

40.6 

3.1 

.088 

* 

DISPOSABLE METALLIC DISH 

302.2 

137.1 

12.8 

.362 

•k 

DISPOSABLE NONMETALLIC DISH 

■ 90.4 1 

41.0 

12. S 

.362 

* 

REUSABLE HEATING TYPE 

76.8 

34.8 

5.2 

.147 

★ 

REUSABLE METALLIC DISH 

34.2 

15.5 

1.2 

.034 

1.3. 2.9 

DISPOSABLE METALLIC DISH 

247.0 

112.0 

10.9 

.309 

* 

DISPOSABLE NONMETALLIC DISH 

35.2 

16.0 

10.9 ' 

.309 

1.3.2.10 

REUSABLE HEATING TYPE 

75.7 

34.3 

.• 5.8 

.164 ■ 

* 

REUSABLE METALLIC DISH 

33.1 ■ 

15.0 

1.8 

.051 

1.3.2.11 

DISPOSABLE METALLIC DISH 

245.9 

111.5 

11.6 

.329 

* 

DISPOSABLE NONMETALLIC DISH 

■34.1. 

15.5 

11.6 

.329 

1.3.2.12 


♦These concepts were not pursued further due to large penalties. 
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TABLE B2-5 

WEIGHT AND VOLUME OF DISHES/UTENSILS/CUPS TO BE USED 
WITH AUTOMATIC DISHWASHER/DRYER FOR SHUTTLE FOUR-MAN CREW 


DISH/TRAY 

KNIVES/FORKS/SPOONS 


TOTAL VEHICLE PENALTY 


NUMBER 


PACKAGED 

PACKAGED 

WEIGHT 

VOLUME 

kg 

cu m 

(lb) 

(cu ft) 

2.53 

0.0071 

(5.58) 

(0.25) 

0.66 

0.00156 

(1.45) 

(0.055) 

0.9 

0.00530 

(2.0) 

(0.187) 

4.10 

0.014 

(9.03) 

(0.49) 


I 



HABITABILITY SUBSYST01 
APPLIANCE FUNCTIONS CONSIDERED 

2.1.1 Fecal Collection/Transfer 

2.1.2 Urine Collection/Transfer 

2.1.3 Vomitus Collection/Transfer 

2.2.1 Whole Body Shower 

2; 2. 2 Partial Body Washing 

2.2.3 Partial Body Drying 

2.3.1 Shaving . 

2.3.2 Hair Cutting 

2.3.3 Nail Care 

2.3.4 Dental 


DMI8561-2 

/ ■ . 
2.0 • Personal Hygiene 


DESCRIPTION 

The personal hygiene habitability subsystem provides for waste collection/ 
transfer, body cleansing, and personal grooming. The concepts selected for 
trade included consideration of the zero-gravity effect on liquid flow and 
containment, the elimination and/or control of contamination which is easily 
spread in a zero-gravity environment, and the disposal of waste products 
within the spacecraft in the absence of the normal terrestrial • sewers/septic 
tapks. These requirements must be satisfied with maximum safety and minimum 
weight, volume, and use of consumables. Waste collection appliance functions 
accommodate all of the bodily waste functions. Both partial and whole body- 
washing techniques were considered during the study. The remaining personal 
hygiene appliance functions presented are for such crewman functions as 
shaving and hair cutting. The appliance concepts were evaluated to be 
functionally adequate and acceptable to the crewmembers’ from both physio- 
logical and psychological aspects prior to ihcluding them as viable concepts. 

1 . • ' . . .• , , 

The fecal and urine collection/transfer appliance functions were considered 
separately -for the purposes of trade studies. The two functions would most 
probably be combined for a space vehicle because of the attendant reduction 
in weight, volume, power, and thermal. . • 

,1 





HABITABILITY SUBSYSTEM 2.0 Personal Hygiene 


HABITABILITY FUNCTION 2.1 Waste Collection/Transfer 

APPLIANCE FUNCTION 2.1.1 Fecal Collection/Transfer 

NUMBER OF CONCEPTS CONSIDERED 9 ■ 

V r 

ASSUMPTIONS 

(1) The fecal collection/transfer concepts consider wet, dry, chemical, 
decomposition, and incineration methods for disposing of fecal waste. 

(2) The study assumed one defecation per day per man. The concept use time’ 
required per defecation is dependent on the concept type. 

(3) Fil ter weight and volume were included if a high replacement frequency 
is required. Periodic filter replacement was not included in the study. 

(4) Component power requirements were normalized to provide a fair comparison 
of all concepts. The power requirements were not based on the latest 
fecal collector designs. This was done because the various manufacturers 
were in process of a competitive proposal response for the Shuttle waste 
collection system and could not be contacted for additional information. 

(5) Overboard venting was not allowed with the exception of nonfilterable 
gases. Concepts were modified to satisfy this requirement by adding a 
vacuum pump to the concept. 

(6) Fetal colTection concepts requiring a day for decomposition of wastes and 
. cooldown were allocated at one per crewman. The remaining concepts were 

provisioned at one per vehicle. 
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appliancc 

-COMCtPT - 
NO. 


c 0 N c r ^ T 


H A ME 


- 0«T JOHM 

• PRY JOHU.AHAt NftSM ' - — 

- r,£KMlClOE 

•>— INTEGRA rco VACUUM DC COMPOS I T 1 OM — 

rtusH ruovi oxygen iMCUiePAriON 

- RYa0LYSlS/BATCH-|NC!NEHATl0»4 — 

- WET Oxidization 

SEIM automat ic ,BXG system -ISKYLABI 

- DRY Bags CAPOLLO) . 




I 

z 

3 

4 

5 

6 

7 

8 
9 


CABIN AIR 
CABIN AIR 
OXYGEN 

COOLING WATER 

WATER 

NITROGEN 

NITROGEN 

FREON 

WATER 


(CIRCULATED) / LITERS/SEC (FT^/MIN) 

(LOST) . KG/HR (LB/HR) 


LOST) , KG/HR 
CIRCULATED). KG/HR 


(LB/HR) 

(LB/HR) 


(LOST) , KG/HR (LB/HR) 


(CIRCULATED). KG/HR (LB/HR) 
(USEJ) , KG/HR (LB/HR) 


(CIRCULATED). KG/HR (LB/HR) 


(PROCESSED) , KG/HR (LB/HR) 



(•**)COST 

(**) AVAIIABLE . INDICATOR 

(1) AVAILABLE 0-25X 

(2) STATE OF THE ART 25-SOX 

(3) SOKE DEVELOPMENT REQUIRED S0-75X 

( 4 ) EXTENSIVE DEV. REQUIRED ' 75-lOOX 
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APPLIANCE CONCEPT CWPONENT SUMMARY MATRIX 
APPLIANCE FUNCTION: 2.1.1-FECAL COLLECTION/TRANSFER 


TYPE 




NUMB 

E R 

0 F 

COMPONENTS 

NUMBER 

OF 

SAFETY 

CRITICAL 

ITEMS 

VALVE 

SOLENOID 

oc 

LiJ 

::s 

o 

CO 

CHECK 

VALVES 

PRESSURE 

REGULATOR 

Ol 

LiJ 

h- 

t— 4 

OL 

s; 

zo 

O- 

CONTROLLER 

TIMER 

MANUAL 

VALVE 

oc 

o 

H- 

o 

25 

LU 

or 

O 

§ 

zo 

s: 

ro 

o 






APPLIANCE TYPE 

(D 




0 

0 


0 



© 

o 

o 

o 

o 

o 

VACUUM DRY 

4 

1 

2 

1 

2 

1 

1 

Mi 

2 


1 






2 

0 NO ANAL WASH ■ 


















0.. NON VENTED 


















VACUUM DRY 

6 . 

1 

1 

3 

3 

1 

1 

2 

2 

1 

2 






2 

0 ANAL WASH 


















0 NONVENTED 


















GERMICIDE 

2 

.1 

1 

• . 

2 


1 

1 

2 


2 






1 

0 NO ANAL WASH 


















INTEGRATED VACUUM DECOMPOSITION 

14 

2 

2 


2 

. 

1 


• 

6 

6 



• 



1 

■ 0 NO ANAL WASH 

















- 

FLUSH FLOW OXYGEN INCINERATION 

21 

■ 2 

2 


2 


1 


. « 

B 

6 






1 

0 NO ANAL WASH 


















PYROLYSIS/BATCH INCINERATION 

21 

2 

2 

1 

2 

.. 

1 



6 

7 






1 

0 NO ANAL WASH 











- 







WET OXIDATION 

27 

1 

• 

1 

2 

1 

1 

• 

1 

6 

7 






2 

■ 0 NO ANAL WASH 


















SEMIAUTOMATIC BAG SYSTEM (SKYLAB) 


1 

6 

: - 

2 

• 

1 

7 

• 

3 







0 

0 NO anal WASH 





-■ 













DRY BAGS 

















0 


U 

lo 

't _ 

OG 

cn 

i\> 
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SPACECRAFT. Shuttle 

HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION 


Waste Conection/ • 
Transfer 


APPLIANCE FUNCTION thecal Conection/Transfer 


APPLIANCE CONCEPT N0./TITLE 1/Dry John . ' : 

INDEX NO. ’ 2.1. 1.1 REF. NO. 207,209,250, & 273 

DESCRIPTION The dry john commode assembly serves as a waste collector and 
feces storage/processing unit. The seat is similar to the terrestrial type 
wi th modifications necessary for zero-gravity usage. The feces are transferred 
to the storage/processing section (collector) via the fecal transfer duct. 

The fecal transfer duct contains provisions for entrainment airflow for 
separating and moving the stool from the anus to' the col lector. Air positioning 
jets shown on' the schematic are used to assist the' user in positioning properly 
on! the seat. Fliis portion of the system was not considered part ot the 
appliance, since recent tests have shown the jets are not necessary. The 
Interface b^een the transfer duct and the feces collector is the collector 
valve. The valve is manually actuated and seals^the collector aft e r use to 
permit vacuum drying of the feces. A sunger is i ncorporated to maxi mi ze the 
feces and wipes area exposed to vacuum by depositing the feces and wipes on the 
Wall ot the collector. Entrainment air and air removed by the vacuum pump are 
passed through filters and returned to the cabin. The schematic does not show_ 
"a vacuum pumpj however, the vacuum pump was added to the appliance concept to 
satisfy the vehicle requirement of no venting external to the spacecraft. 
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APPUANCE CONCEPT REQUIREMENTS .AND PENALTIES CALCULATIONS 


INDEX NUMBER J?. /. I . t 


COMPONENT 


(REF) 


itLS.3 

USE^ME 

CYCLE 

(HR) 

JO 

R 1 C A L 

ROWER 
A C P 0 W E 

R E au 1 R L 

R 

M E N T S 

0 C P 0 W E 

R 

© 

PEAK 

(WATTS) 

__ TS 

<D 

AVERAGE 

(WATTS) 

OP 

OEI^D 

(WATT-HR/ 

©x® 

© 
i PEAK 
j(HATTS) 

© 

AVERAGE 

(WATTS) 

© 

DEMAND 

(HATT-HR/ 

CYCLE) 

©x® 

0/0 . _ 

.^0 _ 

_ JSO... 

/d 


’ 



.OX 

SSo 

JtaO.. 






mnumni* — 




.3^ 

# _ - 

JS 





20 ^ 

3X 


* s • 



£>’7S: 

• 

34 . 

02. 


3.0 


MAXIMUM 

• 

TOTAL 

MAXIMUM 


TOTAL 


1 !1 E R M A L . R E a U X R E M E NTS 


SOURCE 


S£iaMS(£2L/f7QZQ/2.. 


UTENT 

CBTO/HR) 


. SENSIBLE 

(BTU/HR) 

1 

J o ss. 


HEAT LEAK 
(BTU/HR) 


:2,3e,y 


TO COOLANT 
(BTU/HR) 




TOTAL 


WATT (BTU/HR) 


J?c03'(f8S) J^SZ^SS) 

MATT (BTU/HR) WATT (BTU/HR) 


WATT (BTU/HR) 


OPERATIONAL PENALTIES 


SOURCE 


M — 


EXPEHOAELE 

(IB/CYCLE) 


THERMAL 


ELECTRICAL 


HEIGHT 


(BTU/HR/CYCLE) (PK UATTS/CYCLE) (LB/MISSION) 


VOLUME 

(ftVmission) 




TOTAL 


KG/CYCLl 

(ID/CYCLE) 


WATTS/CYCLE 

(BTU/HR/CVCLE) 


KG/MISSION 

(lO/MISSlON) 


MVMISSION 

(FTVMISSION) 




APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 


INDEX NUMBE R ( 


liiiO KiiGHT/VOLOME REftUTREMENTS 


■ WEIGHT VOLUME 

COMPONENT ■ ,(REF) (LBS) - (FT’) 

' — -<g7 ■■ 

: - - l^ S . . r 

. 3S. L 

1 — 


TOTAL 


IG7,S (S3(,S) 


KG (LBS) 


.84 t'jf.S) 


(FT’) • 


ifikifi expendable WT/VOL REgOiREMENTS 


TYPE 


TOTAL WT. 


TOTAL VO L 
HISSION 


© HT/UNIT (REF) WT/CYCLE 

(PKG.WT/UN1T)(REF) ®X@ 

UNITS/CYCLE (REF) (LB) (LB) 

( (zsq).. a-^/ .7p ■ a^) - 


CYCLES/DAY 

^ 

cyCles/oay 








DAYS/MISSION 




DAYS/MlSStON 


TOT. WT/CYCLE 
(LB) 

TO^IL/CYCLE- 
(FT’) 


VOL/UNIT (REF) VOL/CYCLE 

(PKG. VOL/UN IT) (REF) ®X® 

(FT’) (FT’T 

,oo/.rys: 




TOTAL wr/CYCLE 
(LB) 


c 


»Oo3S 

TOTAL VOL/CYCLE 
■ (FT’) 

i Z.^7 

KG (LB)^ 


— M’TFtn 


(.213) 


fiAS/kiSLUik expendables iiauiREMENTS 

AMT.USEO/CYCLE(REF) ' RECOVERY ^ 

TYPE • (LB) FACTOR (LB' 


@ 

AMT. RECOVERED/CYCLE 

®ibF 


AMT LOST/CYCLE 
(LBJ 


\ 


TOTAL WT. 

*w?§n»r 


£0 


£® 


■irCLT/oAT' 


T5Tin:55T7?;YcTf 
(t (2» 


(lb) 


Cc (D 


(LB) 




I ' 


vf 


:C 
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SPACECRAFT 


Shuttle- 


/ 


Wdsti6 Col iGctii on/ 

HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer 


APPLIANCE FUNCTION Fecal Collectioh/Transfer 


* APPLIANCE CONCEPT NO. /TITL E 2/Dry John with Anal Wash 

INDEX NO. 2. 1.1. 2 REF.. NO. 207.209. & 273 


DESCRIPTION Same as Concept 1, Dry Oohn, with the incorporation of an anal 
wash.' The anaT wash and air dry eliminates the need for expend^l'e Wipes. 

The addition of the anal wash requires the feces collector duct be rinsed with 
a biocide. Fhe anal wash and commode rinse wafer are assumed to be recovered 
within the efficiencies of the vapor compression distillation unit. 
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Q 




C 
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appliance concept requirements and penalties calculations 


INDEX NUMBER Ji A/ . Z— 


COMPONENT (REF) 

C L .C C T R 

USE^ME 

CYCLE 

(HR) 

J6,l 

i£4k 

POWER 
AC . ROWE 

R 

MENU 

D C 

P 0 W E 

R 

PEAK 

(WATTS) 

3o 

Q> 

jAVERAGE 

(WATTS) 

OEI^JD 

(WATT-HR/ 

®X@ 

/o,oz 

PEAK 

(WATTS) 

AVERAGE 

(WATTS) 

Q) 

DEMAND 

(WATT-HR/ 

cycle) 

Ci)X(Z) 

p//Z//ayjr^7i. . 

•QSO 




3So . 

,^cro 

/S’.O 

SOLtA/O/D MoiO/jmtf 





.1 — 



— 



jlSo 

_ iha. _ 

2C.OC. 

— 

— 

r. ' ■ 


' »2/ 2_ 





ZO 



,0^0 

..3So... 


/O 


■ 



SOURCE 




^//g 








^5SS 


SOURCE 


a//a 


•i 


TOTAL 


» * 


maximum * 


SO.J.. <L2o. 


TOTAL 


MAXIMUM 


I !L i E « A k ; E L a U i R E M E N T S 


latent 

(BTO/HR) 


SENSIBLE 

(BTU/HR) 


NEAT LEAK 
(BTO/HR) 




^e.4. 






m /•■/ 


mUzi 


^hZjL. 


SC7.6. 




JZ3S.4- 


' TOTAL 




MATT (BTU/HR) 


WATT (BTU/HR) 


£Z£(im^ 

WATT (BTU/HR) 


0 P E E A liO N A L 

. f 


P E N A L T I E S 


EXPENDABLE 

(LB/CVCLE) 


THERMAL ELECTRICAL WEIGHT 

(BTU/HR/CYCLE) (PK HATTS/CYCLE) (LB/MISSION) 


KG/CYCI.E 

(LB/CYCLL) 


HATTS/CYCLE 

(BTU/HR/CYCLE) 


KG/MISSION 

(LO/HISSION) 


B2-135 


, TOTAL 


TO coolant 
(BTU/HR) 


WATT (BTU/HR) 


VOLUME 

(FT’ /MISSION) 


HVMISSION 
(FT ’/MISSION) 
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CONCEPT , 


APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

VjM U/iC. UJ/^S^ INDEX NUMBER J?- /* / Z- 


COMPONENT 


M£i£!i!/VOLOME R£a01EI.MENTS 
WEIGHT 

.(REF) (LESS) 


VOLUME 
(FT 3) 




KG (LBS) 


MJ (FT’) 


OLID EXPiNDAB L £ E I/VOL REaOiREMENTS 

© , ® ~® ® 

^ HT/UNIT (REF) WT/CVCLE VOL/UNIT (REF) VOL/CYCLE 

W • (PKG,HT/UNIT)(REF) ©X© (PKG.VOL/UNIT)(REF) ©X® 

UNITS/CYCLKREF) (LB) • (LB) (FT’) TfT’T 


TflTAl UT 




TOTAL WT/CYCLE 
. (LB) 

total VOL/CYCLt 
• (FT’) 

■HR'STijr ' _ 


_ X _ 


X 

i"~ 

TOTAL VOL _ 

CYCLtS/DAY 


DAYS/HISSION 

TOT. WT/CYCLE 
(LB) 

1 

KG (LB) 

r 

1 * " ^ ^ 


CYCLES/OAY OAYS/MiSSION 

TOT. VOL/CYCLE 



(FT’) 



&AS/L lau I.D IX PE 

N D A B L E S 

R E 5 u r R E M E N T S 


© 

AMT.USED/CYCLE(REF) 

• © 



, RECOVERY 

AMT.RECOVERED/GYCLE 

@X® 

AMT LOST/CYCLE 
®-@ 


TOTAL UT. 




E® - 


^ X X _ • <2.70, L 4 A^A 

cycle/oait” i)AYs/Mrssf6fr“ TOwTrosT/TYciE' 


:.7C2; 

KG (LB) 


LQ] 
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SPACECRAFT Shuttle • ' 

Waste Collection/ 

HABITABILITY SUBSYSTEM Personal Hygie ne HABITABILITY FUNCTION Transfer 

APPLIANCE FUNCTION Fecal Collection/Transfer 

APPLIANCE CONCEPT N0./TITLE 3/Liquid Germicide 


INDEX NO. 


2. 1.1. 3 


REF. NO. 100,207,209,244,250, & 273 


biocidal 

maintain 


DESCRIPTION The liquid germicide commode assembly incorporates a strop 
agent throughouITThe excreta to kill the microorganism population and 
sterility in storage. The waste collector is provided with a blender and germi- 
' cid^ metering equipment. The blender is used to ensure thorough mixing of the 
wastes and germicid e. Th e collector gate valve is open only during waste 
"collection. When the container is full, the tank is seaTed, removed to storage , 
and replaced with an empty tank. The waste collectors are sized for replace- 


Inent every 50 days. Some liquid^iy 
water waste management system. Air 
■ descrTbecI in Concept 1, is utilized with the 
the cabin. The collector when transferred to 
"Wet 

into the collector. The concept vias not given 


recovered, separated, and returned to the 
entrainment of the feces as previously 
With 


air returned 
storage will 


through filters to 
weigh 332 pounds. 


credit for liquid recovery, since 
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APPLIANCE CONCEPT REQUlREt'XNlS AND PENALTIES CALCULATIONS . 

CONCEP T .^/UQ/J/D ^^.7^/ff/ r/nr^ INDEX NUMBER, 


COMPONENT 


(REF) 


SOURCE 




TOTAL 


WATT (BTU/HR) 


WATT (BTU/HR) WATT (BTU/HR) 


ORIGINAL PAGE IS 
OF POOR QUMitrSTiv 


0 E R A T I C N A L P E N A L TIES 


SOURCE 


HEAT UAK ^"^’*’^0 COOLANT ELECTRICAL HEIGHT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK JiATTS/CYCLE) (LB/HISSION) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

index number A /,3 


•‘%.0 


£. 12 . 1.0 WEiGHT/VOLUME RLftlIj[REM£NTS 
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SPACECRAFT , Shuttle 


Waste Collection/ 

HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer 


APPLIANCE FUNCTION Fecal Collection/Transfer 

APPLIANCE CONCEPT NO. /TITLE 4/Integrated Vacuum Decomposition 

INDEX NO. '2. 1.1. 4 REF. NO. 100,250, & Skylab data 


DESCRIPTION The integrated vacuum decomposition concept utilizes vacuum and 
high temperature to decompose the waste materials into gaseous products which 
can be exhausted to vacuum. The chamber requires cooldown and must be vacuume d 
at the end of the cooldown period. The process does not require oxygen; how- 
ever, requires power to susta i n the chemical process for 12 hours. Six comm odes 
were assumed to be required due to the 12-hour cooldown time (i.e., one unit 
can be used once per day). Incinerable collection bags with a hydrophobic pat e h 
' (Skylab type utilized) were used to eliminate the maintenance and microbiologi- 
cal problems of filter replacement . since clogging is not anticipated with 
collection bags which are replaced every 24 hours. The residual ash was not 
considered as a concept penalty. Air entrainment of the feces, as previously 
described in Concept 1, is utilized with the air returned through filters to 
the cabin. Wet and dry wipes are used for this concept and ar e assumed to be 
deposited into the collector. 
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APPLIANCE COHCtPT KEQUfREHENTS AflO PENALTIES CALCULATIONS ^ t , A. 
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CONCEPT. 


APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS. (CONCLUDED) 
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SPACECRAFT 


/ 

Shuttle 


Waste Collection/ 

HABITABILITY SUBSYSTEM Personal Hygiene H ABITABILITY FUNCTION Transfer 

APPLIANCE FUNCTION >^ecal Collection/Transfer 

APPLIANCE CONCEPT NO./TITLE 5/Flush Flow Oxygen Incineration 

INDEX NO. 2. 1.1. 5 REF.. NO. 100 >250, & Sky lab data 


DESCRIPT I ON The flush flow oxygen incineration utilizes a continuous oxygen 
flow to the collection chamber for the 12 hours required for incineration. 
the wastes are collected by same process of air entrainment u sed on the 
previous concepts, sealed in the chamber (no vent to vacuum), heat is applied 
for a specified time period. The resulting sterilized/vaporized gas and 
vapors are exhausted to spa'ee. The valve is left open' and heat is applied"”" 
to bring the incineration temperature to lOOO^F, while a controlled flow of . 

' pxygen is continuously supplied to the chamber, ihe incineration process 
takes approximately 12 hours v/ith 97 to 99 percent reduction in process waste, 
twelve hours are allov/ed tor cooldown which requires one commode per man. The 
collection bags described in Concept 4 are also used for this concept. Wet 
■"■find dry wipes are used“for this con cepr~and afe" 
the collector. 
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CONCEPT/ 


APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS 
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CONCEPTS 


APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

//U£XAJe?e/?r/OA/ index number Z, 
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SPACECRAFT 


Shuttle • 


. Waste Collection/ 

HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer 


APPLIANCE FUNCTION Fecal CollectionVTransfer 

• : . ■ ■ ■ ■ ■ ■ ^ ■ ■■ ■ ■ ■ " ■ 

APPLIANCE CONCEPT NO. /TITLE 6/Pyrolysis /Batch Incineration 

I 

INDEX NO. 2. 1.1.6 REF. NO. 100,250, & Sky lab data 

DESCRIPTION The pyrolysis/batch incineration concept utilizes a three-step 

process to minimize oxygen consumables. The wastes are heated to 250OF and 
held at this temperature for 30 minutes to ensure sterilization. The vent valve 
is. then opened and the water -is flashed to space as a vapor. The chamber is 
then heated to 1200°F, with the vacuum valve remaining open, and the wastes are 
pyrolytical ly decomposed (vacuum decomposition) and the gases are vented to 
space. At the end of the pvrolvsis process, the vent valve is closed, the 
chamber is charged with oxygen, and several batch incinerations are performed. 

■ The batch incineration step reduces the ash residue from 12 to 2 percent of the 
total wastes processed. After final venting to space, the chamber cooldown takes 
hours. The pyrolysi s/batch incineration process is identical to the schematic 
shown for Concept 5. The pyrolysis/batch incineration takes 12 hours. The 
collection bags described in Concept 4 are also used for this concept. Wet 
and dry wipes are used for this concept and are assumed to be deposited into 
the collector. ' ' 

( ; 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS . , , /■ 
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APPLIAHCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS. (CONCLUDED) 
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SPACECRAFT__ Shuttle 

Waste Collection/ 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Transfer 

APPLIANCE FUNCTION Fecal Collection/Transfer 


APPLIANCE CONCEPT NO. /TITLE 7/Wet Oxidation 


INDEX NO. 


2. 1.1. 7 


REF. NO. 100,250, & Skylab data, 247 


DESCRIPTION The wet oxidation concept is a moderate temperature, hi oh pressure 
catalytic process. The system employs an insulated chamber similar to the incin- 
eration and decomposition concepts. Waste treatment is accomplished bv charging 
the chamber with 500 psia oxygen at ambient temperature and applying heat to 
bring the chamber up to oxidation temperature. The final pressure and tempera- 
ture are approximately 1750 psia and 550^F. The advantage of the wet oxidation 
process is the production of water which can be processed and reused in the 
spacecraft. The system requires a high pressure oxygen source, assumed in this 
study as a compressor. A stirrer would enhance the wet oxidation process, but 
was not considered in the study due to lack of engineering data. Based on two 
data sources, the process v/as assumed to take 12 hours, most of which is cool- 
down time (lO’a to 6 hours). The collection bags described in Concept 4 are 
also used for this concept. Wet and dry wipes are used for this concept and are 
assumed to be deposited into the collector. 
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CONCEPT 


APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS 


INDEX NUMBER , 


COMPONENT 
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P 0 W C R 


(WATTS) 




AVERAGE 

(WATTS) 


DR^JD 

(WATT-HR/ 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 
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SPACECRAFT Shuttle ■ 

Waste Collection/ 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Transfer 

APPLIANCE FUNCTION Fecal Collection/Transfer 

• - ... - ■ , - ■ - . . - - ■ T 

APPLIANCE CONCEPT NQ./TITLE 8/Semiautomatic Bag System (Skylab) 


INDEX NO. 


2.1. 1.8 


REF. NO. Skylab data, 283, 250, 100 


DESCRIPTION The semiautomatic bag concept consists of a wall mounted fecal 
collector unit using a collection bag, with air entrainment of the feces. The 
fecal collector consists of a fecal collection receptacle, a mesh liner, and 
hin.ged seat. The hinged seat provides access to the mesh liner to permit 
manual installation of a fecal bag. The seat is contoured and contains airflow 
holes to allow cabin air to be drawn into the fecal bag as a gravity substitute 
airflow. The seat upon closure provides an integral seal between the fecal 
bag and the fecal collection receptacle and between the seat and the user. A 
blower unit is utilized to provide feces entrainment into the fecal bag. Cabin 
air is drawn into the fecal bag and is exhausted through the collection bag's 
vapor port, through the mesh liner and into the fecal collection receptacle. 

The cabin air is then passed on to the fecal collector fi Iter and blower unit 
and returned to the cabin. The fecal bag is manually removed from the fecal 
collector after each defecation and replaced immediately with a new bag. The 

fecal bag with its contents is then vacuum dried in a waste processor to 

facilitate on-orbit storage. The waste processor is a separate unit and is 
i ncl uded as a part of this concept. • 
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APPlIANCf CONCCPT REQUIREMENTS. AND PENAETIES CALCULATIONS • ’ ’ 
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SPACECRAFT__ Shuttle 

Waste Collection/ 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Transfer 
APPLIANCE FUNCTION Fecal Collection/Transfer 


INDEX NO. 


2. 1.1.9 


DESCRIPTION The dn 


concei 


APPLIANCE CONCEPT NO. /TITLE 9/Dry Bags (Apollo) 

■N. Apollo dv;gs: V36-601029,V36-601398, 

INDEX NO. 2.1. 1.9 REF. NO. V36-601267,V36-601398,V36-787819, 

and V36- 787809 

DESCRIPTION The dry bag concept consists of bag which is taped to the buttocks 
of the crewman. The collection system is manual and requires a large amount of 
crew time per defecation. The unit is compactly folded for storage and each unit 
contains biocide and tissues. The bag is unfolded, taped to the buttocks, the 
botus is separated using the built-in finger, and the tissues are deposited into 
the bag. The bag is closed, sealed and the biocide is kneeded into the feces 
for germicide control. The collection baas are deposited into a large bag which 
has a capacity for 16 feces collection bags. The dry bags were used on Apollo 
and v^ere provided as a backup for Skylab. 
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CONCEPT ' 


APPLIANCE CONCEPT KEQUIKEMENTS AND PtIlALTIES CALCULATIONS (CONCLUDED) 

INDEX NUMBE R 


*-4 *■ 
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HABITABILITY SUBSYSTEM 2.0 Personal Hygiene 

^HABITABILITY FUNCTION CoHection/Transfer 

APPLIANCE FUNCTION 2.1.2 Urine Collection/Transfer 


NUMBER OF CONCEPTS CONSIDERED 5 


ASSUMPTIONS 

(1) The urine collection/transfer concepts consider air entrainment and 
intimate male adapter methods of collecting urine. 

(2) The study assumed a total of 42 urinations per day (seven per day per 
man). The concept use time required per urination is dependent on the 
concept type. 

(3) Filter weight and volume were included if a high replacement frequency 
is required. Periodic filter replacement was not included in the study. 

(4) Component power requirements were normalized to provide a fair comparison 
of all concepts. The power requirements were not based on the latest 
urine collector designs. This was done because the various manufacturers 
were in process of a competitive proposal response for the Shuttle waste 
collection system and could not be contacted for additional information. 

(5) In the case of Space Station, the urine and rinse water was assumed to 

be collected and processed through a vapor compression distillation unit. 
Urine recovery was based on 24.8 grams of solids per 1000 grams of urine. 

The solids were then ratioed by the amount of flush water used. The 
recovery factor used was 98.15 percent. The Shuttle concepts were considered 
to be dumped overboard or collected, but no. water processing was applied. 

(6) The urine collection devices were allocated one per vehicle. 

(7) The urine collection devices considered are adaptable to men only; however, 
when combined with a fecal collector, some of the devices can be adapted 

to females. 
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APPLIANCE CONCEPT COMPONENT SUMMARY -MATRIX 


APPLIANCE FUNCTiON: 2.1,2-URINE. COLLECTION/TRANSFER 


NUMBER OF COMPONENTS 


COMPONENT TYPE 
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Shuttle 


'A.jr '' 


SPACFXRAFT 


Waste Collection/ 

HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer 


APPLIANCE FUNCTION Urine Collection/Transfer J 

APPLIANCE CONCEPT NO. /TITLE 1/Standup Urinal 

INDEX NO. * 2. 1.2.1 REF. NO. 209, 273, 207 

DESCRIPTION 

The s'tandup urinal concept consists of a collector utilizing air entrainment 
for collection and transport of the urine and centrifugal separation of the 
air/urine. The cabin air used for entrainment -is filtered and recirculated 
back into the cabin. The unit is mounted on the wall of the spacecraft. The 
unit is activated by opening the cover. After use, the cover is cl osed;a fixed 
quantity of flush water is used to flush the urinal. The unit automatical ly 
shuts down after the flush is completed. The total operating time was assumed 
to be one minute using 45 seconds as an average urination time. The flush 
water • assumed used per cycle wds 0.8 pound and was heated to 90°F. A pre- 
treatment chemical was added to the flush water. ' ■ 
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I AmiAHCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS , yt I 
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S PAC FXRA I Siluitle — ,. Waste Collection/ 

HABITABILITY SIJBSYSTI'H Personal Hvqi ene .JIABITABILITY fUNCl ION_J^ff£T 

APPL I AN cr. I- U(^ CT 1 0N_ Urine Co l lection/Trans fer 

APPLIAIICL CONCEPT II0,/TITLC_: 2 /Comniode Uriiial. ^ 


INDEX NO. 


2. '1.2. 2 


REF. 



DESCRIPTION • , 

The commode urinal concept consists of a urine collector, centrifugal separator, 
and flush unit. This unit v^ould be used where combined feces and urine col- 
lectors are 'defined. The unit uses a flush as. described in Concept 1; however, 
0.33 pound per flush was used because of the smaller surface area requiring 
biocide treatment, Air entrainment is employed coupled with a properly directed 
urine stream. The operating time is the same as specified for Concept 1. . 

Cabin air used for urine entrainment is filtered and returned to the cabin. 
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VOLUME 

(FT>) 


LLS. 





of 



TOTAl. 


^3^S (81) 


.49S (n.s) 


W5 (LBS) 


(FT3) . 




TYPE 


ifiLiO iXPENDABL E M T/ V 0 L RiaUiREMEN T S 

■ © ® ® ® 
WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE 

(PKG.WT/UNIT)(REF) ®X@ {PKG.VOL/UHIT)(REF) ®X(j) 

■ ■ (LbT (FT3) TfTsT 


UNITS/CYCLE(REF) 


(LB) 


E® 


TOTAL WT/CYCLE 
(LB) 




TOTAL VOL/CYCLE 
(FT3) 


TOTAL WT. 

TirssToir 


TOTAL VOL . 
fiiSSION ■ 


CYCLES/DAY 


OAYS/HISSION 


TOT. WT/CYCLE 
.(LB) 


KG (LB) 


TOT. VOL/CYCLE 
(FT3) 


TYPE . • 

£&<n]^£Bim£lLL 


CYCLES/OAY DAIJS/HISSION 

£AS/LiaUiO expendables REaUIREMENli 

© 

AMT.USEO/CYCLE(REF) 

. .si f2ol) 


'M3 (FT^) 


□ 




© 

RECOVERY 

FACTOR 



© 

AMT.RECnVERED/CYCLE 

(lbT 

/J//f 

• ® 

AMT LOST/CYCLE 

,®-® 

'. (LBT 

.33 


Ay/}.. .. 

-m: 

.0/1- 




E ® 


E® - 


Sror * ZS ...... X _^^.e S— . X ' y /J /4 “ I B 9 J 

cYcCeTdAy TayI/hission TotTl LOSTTcTCLE f ^ kgTlb) 

< (E (LB) (E O 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTEH Personal Hygiene 


Waste Collection/ 
HABITABILITY FUNCTION Transfer 


APPLIANCE FUNCTION Urine Collection/Transfer 

APPLIANCE CONCEPT NO. /TITLE 3/Intimate Male Adapter 

INDEX NO. 2 . 1 . 2. 3 REF. NO. 250 

DESCRIPTION • : 

The i'ntimate male adapter concept consists of a wallriiiounted unit similar to 
the unit used for the Skylab fecal/urine collector system. The adapter can 
be used when seated or in a standing position. . Air entrainment is used to_ 
provide a substitute for gravity collection. The cabin air used for entrain- 
ment is filtered and recirculated back into the cabin. One wipe per cycle 
was assumed to be used because of splashback during urination. The flushing 
and operating time are the same as for Concepts ■! and 2. The flush water 
used was assumed to be 0.33 pound per flush. The second aperture unit pictured 
below uses an iris- type seal for the penis to prevent cabin contamination. 

The unit is designed to minimize spashback using a splash retarder. This 
unit operates the .same as the Skylab unit. 


( 
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CONCtPL 


APPLIANCC CONCEPT REQUIREHENTS A,ND PENALTIES CALCULATIONS 

'‘JrC /)D/)pro7^ number. 


£k.L£l£I£ik £0 “I.r E19.y.iEi!iLtili 


COMPONENT 


/yfOTCP. I''/;/. (/{I 


AC . POWER 

AVERAGE 

(WATTS) 


-•.mzs- 


(WATTS) (WATTS) 

.. /aa . 
/a 


-r.^— — rr- 


OEM/VID 

(WATT-HR/ 

CYCLE) 

(t)X(3i) 


0 C POWER 


( 5 ) ® DEMAND 

PEAK AVERAGE ^CYCLEi"^ 

(WATTS) .(WATTS) (^X© 


' ^ / (a 


MAXIMUM 


Z.37 


TOTAL MAXIMUM 


IHIEHEk E.£EEiEk!lIEIi 


LATENT 

(BTli/HR) 


pp/rmr(^] 


SENSIBLE 

(BTU/HR) 




HEAT LEAK 
(BTU/HR) 




TO COOLANT 
(BTU/HR) 






WATT (BTU/HR) 


zzs.^ijeop 

WATT (BTU/HR) 


WATT (BTU/HR) 


0 P E .R A T I 0 N A L PENALTIES 


WATT (BTU/HR) 


HEAT LEAK ■^"^'^‘•'to COOLANT ELECTRICAL WEIGHT 

(BTU/HR/CYa.E) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/HISSION) 


Volume 

(ftVmission) 


WATTS/CYCLE 

(BTU/HU/CYCLE) 


WATTS/CYCLE 

(BTU/HR/CYCLI.) 


KG/msSION MVHlSSION 

(LB/MISSION) (FTJ/HISSION) 
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APPLIANCE CONCEPT REQUIIIEMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

tmm 3/.wnfl9/)nT r)P/? Lir /)0/)/^r(ri^ nunker, . 




COMPONENT 


W E IG H T/V 0 L U H E R ,L fl U i. R £ M i N I S 


HEIGHT 

(REF) (LBS) 





C2s:q) ■ ■ 


VOLUME 

(FT3) 






sm : 




TOTAL 


a3.S (SI,!) 


,dS/ (1/9) 


jF. 


'•’ TVPE 


KG (LBS) 'm3 (FT3) 

# f' 

ifikiO i SPENDABLE H I/VOL RifiUiiiMENTS 

© HT/UNIT (REF) HT/CYCLE VOL/UNIT (REF) 
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/ 2.0^//^!^ (2^) . 0/04- ^IZ31/3S(ZSq) 
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ITTS^TON 
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TOTAL WT/CYCLE 
(LB) 

X 0^ /d?^S 
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,(L6) 

_ X ^ 
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(FT3) 
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'KG (TbT 


,OiC:> 

FTrFT 


£ A s/L i 9. u i B. i i f. k !i 2. i i L k i i k 2 2 i E k H k i l k 


TYPE . 

Plus:/-/ 


(D 
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© 
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jU/jL- 
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SPACECRAFT Shuttle 

Waste Collection/ 

HABITABILITY SUBSYSTEM Personal Hygiene H ABITABILITY FUNCTION Transfer 

APPLIANCE FUNCTION Urine Collection/Transfer 

APPLIANCE CONCEPT NO. /TITLE 4/^ertura Urinal ’ 


INDEX NO. 


2 . 1 . 2. 4 


REF. NO. 236, 273, 209, 207 


DESCRIPTION 

The aperture urinal concept consists of an aperture and centrifugal separator. 
Urine is collected as described in the previous concepts. The study assumed 
0.33 pound of flush water per cycle. The operating time is the same as 
Concepts 1 through 3. 
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, APPLIANCE CQNCEPT REQUIREMENTS A/JD PENALTIES CALCULATIONS . 

CONCEPT ^ INDEX NUMBER. 






tkL£lEi£Ak ’ E R . ELaHiiLM £!ili 


■ USE^ME 


A C 


POWER 


COMPONENT 


© 

PEAK 

(WATTS) 


TIME 
CYCLE 

(REF) (HR) 

..OJ ZS . 

^OL.(if 40 /l ). i/’/JLUiT = ■ . ,-rr 

<2£>u rF . < ^ c (s:/naii^ .,a/iL 


© 

AVERAGE 
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iOG 

■ JO.. 


.MS. 
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OETiAND 

(WATT-HR/ 

cycle) 

©xd) 

Ilzs 


0 c 
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PEAK 
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,/z. — 




.L32 _ _Jjq_ 


TOTAL 


MAXIMUM 


AVERAGE 
. (WATTS) 




~(rr- 

DEMAND 

(WATT-HR/ 

CYCLE) 

©X© 




.034- 

TOTAL 


IfiERMAL R E aUilLEiN li 


SOURCE 


LATENT 

(OTU/KR) 






MM- 


SENSIBLE 

(8TU/HR) 


mro^ H/./}.. ’ 74f- 




HEAT LEAK 
(BTU/HR) 

..7 34- ... 


TO COOLANT 
(BTU/HR) 


TOTAL 


0 


MATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


0 


WATT (BTU/HR) 


SOURCE 


-M/A - 


OPERATIONAL 


P E N A Lli E S 
ELECTRICAL 


HEAT LEAK ’"^'^0 COOLANT ^'■ECTRICAL WEIGHT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) 


Volume 

(FT^/HISSION) 


.4 ■ 


X 
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WATTS/CYCIE 

(BTU/tIR/CVCLE) 
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(B.IU/HR/CYCLE) 


KG/MISSION 

(LB/MISSION) 
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(FTVMISSION) 
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APPUANCC CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 


CONCEPT ■ 


INDEX NUMBER 




k u H E R E aki£i!li!ill 


COMPONENT 


(REF) 


(zsf,) 


WEIGHT 

(LBS) 


VOLUME 

(FT’) 
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- M //1 - 


TOTAU WT .; ^ 
TfSllDir " 
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SOLID EXPENDABLE 
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© 
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2® 
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(LB) 
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.(LB) 
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© 
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2® 
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(FT’) 
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i x P E N.D A 1 L E S 

© ® 
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, (LB) . FACTOR 

.^,33. (zoi) 


require HE NTS 

AMT.RECOVERED/CYCLE 

@X(|) 
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• © 
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, 

. (lbT 
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V, 

>■% .. ■ 




2 ® -34-Z 
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(LB) 


(r © 
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SPACECRAPT S huttl e 

Waste Collection/ 

HABITABILITY SUBSYSTE M Personal Hygiene HABITABILITY LUNCTION Transfer 

APPLIANCE FUNCTION Urine Collection/Tra n sfer 

APPLIANCE CONCEPT NO. /TITLE 5/Liquid/Gas Flow Cuff-Type (Apollo) 


INDEX NO. 2. 1.2. 5 


REF. NO. Rockwell Dwg. SEB14000010-303 


DESCRIPTION 

The liquid/gas flow cuff-type concept is the'system used on Apollo. A cuff 
is utilized which fits snuggly to the penis. Urine transfer was acconnodated 
on Apollo using a vacuum; havever, a centrifugal separator could also be 
utilized. The concept presented assumes vacuum transfer since the intimate 
male adapter (Concept 3) is similar and uses air entrainment. The operating 
time was assumed to be 1.75 minute using a 45 second urination time. Filter 
change was considered for this concept due to the frequent changeout required 
(one per 14.3 man-days). 




•flexible 

BOOT 


RECIRCULATION LINE 
CONNECTION (CONNECTS 
TO RECIRCULATION 
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SPACECRAFT Shuttle • ' ‘ .. 

. Waste Collection/ 

HABITABILITY SUBSYSTEM Personal Hygiene HABITABILITY FUNCTION Transfer 


APPLIANCE FUNCTION Urine Collection/Transfer 


APPLIANCE CONCEPT NO. /TITLE 5/Liquid/Gas Flow Cuff -Type (Apollo) 


INDEX NO. 2. 1.2. 5 REF. NO. Rockwell Dwg. SEB140Q0Q 10-303 

DESCRIPTION • , 

The Vi quid/gas flow cuff-type concept is the'system used on Apollo. A cuff 
is utilized which fits snuggly to the penis. Urine transfer was accommodated 
on Apollo using a vacuum; however, a centrifugal separator could also be 
utilized. The concept presented assumes vacuum transfer since the intimate 
male adapter (Concept 3) is similar and uses air entrainment. The operating 
time was assumed to be 1.75 minute using a 45 second urination time. Filter 
change was considered for this concept due to the frequent changeout required 
(one per 14.3 man-days), 


I 



TO RECIRCULATION 
LINE NOZZLE) 
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CONCEPT 


/ / APPLIWiCE CONCEPT REQUIREHENIS AND PENALTIES CALCULATIONS 

to /U\ OU I & /g-^ ^ 


INDEX NUKDER 


2. I.z. S' 


COMPONENT (REF) 


ELECTRICAL 

POWER 
AC . P 0 W E 

R E au JR E ! 
R 

H E N T S 

0 C 

« 

P 0 W E R 


USEHME 


® 

DEH/LND 

© 

® 

OEMANO 

CYCLE 

. PEAK 

AVERAGE 

(WATT-HR/ 

CYCLE) 

PEAK 

AVERAGE 

(WATT-HR/ 

CYCLE) 

(HR) 

(WATTS) 

(WATTS) 

G)X(|> 

(WATTS) 

(WATTS) 

®X(2) 


MAXIMUM 



TOTAL MAXIMUM 


TOTAL 




T H *E R M A L 

R E au I R E H ENTS 




LATENT 

SENSIBLE 

HEAT LEAK 

SOURCE 

Nj/w 


(BTU/HR) 

(BTU/HR) 

(BTU/HR) 


TO COOLANT 
(BTU/HR) 



TOTAL i — 

WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) 


0 P E R A T 1 0 N A L Lii ikIiLi 



SOURCE- 


THERMAL 
HEAT LEAK TO C00LA.VT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) 


ELECTRICAL WEIGHT 

(PK WATTS/CYCLE) (LB/MISSION) 


VOLUME 

(FT’ /MISS I ON) 




TOTAL v_ . -y-- ^ - 

WATTS/CYCLE UA1TS/CYCLE KG/HISSIOtl HVMISSION 

(MU/HR/CYCLE) (BTU/HU/CYCLE) (LD/MISSION) (FT’/MISSIOH) 
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HABITABILITY SUBSYSTEM Personal Hygiene 


HABITABILITY FUNCTION ^'^aste Collection/Transfer 

APPLIANCE FUNCTION 2.1.3 Vomitus Conection/Transfer 


NUMBER OF CONCEPTS CONSIDERED ^ ■ 

ASSUMPTIONS ' 

(1) The vomit ('5 coTlecti on/transfer concept considered portable and fixed 
methods. The collection devices used in conjunction with the fecal 
collector or waste disposal unit were considered fixed. The fixed method 
is not the most ideal since a sick crewman may not always be able to 
reach the collection device prior to vomiting. Fixed methods, however, 
were considered for the purpose of comparison. 

(2) The study assumed .84 cycles per day for Space Station and .56 cycles 

per day for Shuttle, The concept use time required per cycle 1s dependent 
on the concept type. 

(3) Filter weight and volume v/ere included if a high replacement frequency 
is required. Periodic filter replacement was not included in the study. 

(4) flush water, if required, for a vomitus collection concept was assumed 
not recoverable since the used flush watet would normally be dumped into 
the fecal collector. 
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^.AfPtSANCE concept fUNcTlON HaTRU- 
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APPLIANCE 
^CONCEPT _ 
NO, 


C a Net p T 


N A M E 


t - intimate personal adaptor ,0 ispos able" I maTes with COMMODEV 

^INTIPATC. PER50NAU-A0APTcR#DISP0SABLE^CMATES. PITH. COMMQOEJL 

a • PORTABLE disposable COLLECTOR (TYPE USE COKMERCIALLTI 
n * R EUSABLE ^RlABLE jCOLLECTOp . 


.(*) 


(CIRCULATED), LITERS/SEC (FT^/mN) 
(LB/KR) 
(LB/KR) 


1 - CABIN AIR 

2 - CABIN AIR (LOST) , KG/KR 

3 - OXYGEN (LOST) . KG/HR 

4 - COOLIN'G WATER (CIRCULATED) , KG/HR 


5 - WATER 
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8 - FREON 

9 - WATER 
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SPACECRAFT Shuttle 

Waste Collection/ 

HABITABILITY SUBSYSTEf ^ Pe>^sonal Hygiene H ABITABILITY FUNCTION Transfer 

APPLIANCE FUNCTION Vomitus Collection/Transfer . 

APPLIANCE CONCEPT NO. /TITLE 1/Intiniate Personal Adapter Disposable (mates with 

cbmiiiode ) 

INDEX NO. 2. 1.3.1 REF. NO. 209»186,187,236, & 207 

DESCRIPTION The intimate personal disposable adapter concept is made of 
1 i gh twe i gh t plastic or paper and is shaped to interface with ’th’e“feces collectiO n 
tube of a conimode. The adapter blocks the air transport inlet ports. Holes 
in the top of the unit provide the air inlet fot vomitus' entrainment. The top 
of the unit is formed to a crewman's face affecting a seal over the nos e, around 
the mouth, and under the chin. All vomitus material is exp^led directly into 
the feres collection unit. After use, the adapter is removed and processed in 
the feces collector. A dispenser for storage of clean vomitus adapters is ; ” 

located near the feces collector. 


• mSrOHABLK A DMnxX'l 

4 , ./ • DLSFHNSER ^ 



' . • DISPOSABLE ‘TIP2 

• ADAPTOR 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDEO) 

man J/.l/Jr//m7cr Pl-?2 SoM^L index numbe r Z, 1.3,1 
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SPACECRAFT ’Shuttle 


Waste Collect ion/ 


HABITABILITY SUBSYSTEM Personal Hygiene H ABITABILITY FUNCTION Transfer 


APPLIANCE FUNCTION Voinitus Collecti’on/Transfer 

— ' — ■ ■ ^ \ ' ' ■ ' 

APPLIANCE CONCEPT NO. /TITLE 2/Intiniate Personal Adapter, Lined, Reusable (mates 
• ' with GoiTimode) 

INDEX NO. 2. 1.3. 2 REF. NO. 187,250, & 207 

DESCRIPTION The lined intimate personal reusable adapter concept is fafaricated 
of metal with provision for attachment of a plastic or paper liner on -the inside 
surface. The adapter is shaped to Interface with the feces collector transfer tube . 
The liner and adapter are provided with holes to'allow cabin air into the adapter 
for vomitus entrainiTient. The liner is deposited into the feces collector after 
usage. The adapter is cleaned to maintain hygienic acceptability and stored • 
near the feces collector. One biocide wipe and one dry wipe were assumed to be 
adequate to clean the reusable liner. Skylab wipe data v;ere used to determine 
■ the wipes penalty. The reusable adapter is identical to the Concept 1 config- 
uration. 


* tniED TYPE 
•AmPTOR 
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/ ' APPLIANCE COflCtPT REQUIREKCNIS AND PENAUIES CALCULATIONS , ^ ^ 
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SPACECRAF T , Shuttle 

HAPITABILITY SUBSYSTEM Personal Hygiene H ABITABILITY 
APPLIANCE FUNCTION Vomitus Conection/Transfer 


Waste Collection/ 
FUNCTION Transfer 


APKIANCE concept no. /TITLE 3/Portable Disposable Collector (airline type) 

INpEX NO. 2. 1.3. 3 REF. NO. 187,207,250, & 209 

DESCRIPTION The portable disposable collector is a light flexible bag with a 
drawstring closure device, The bag is used on all airlines and is made of 
thin gage plastic. The crewman "can store the bag in a clothes porket where it 
will be ready for use at any time. The bag is unfolded and grasped near the 
opening by both hands and held against the face enclosing the nose and mouth. 
Proper placement of the bag against the face provides the seal . The bag is 
sealed after use by tying a knot in the closure cord and discarding the bag and 
contents into the feces collector. 
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• APPLIMCE CONCEPT REQUIHtrXNTS AND PtNALTIES CALCULATIONS , . ^ 

CR> UU£Cto.Q_ index nukbe r 2. U 5..-$ 
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SPACECRAFT 


Shuttle 


Waste Collection/ 


HABITABILITY SUBSYSTEM Personal Hygiene H ABITABILITY FUNCTION Transfer 
APPLIANCE FUNCTION Vomitus Collection/Transfer 


APPLIANCE CONCEPT NO. /TITLE 4/Reusable Portable Collector 

INDEX NO. 2, 1.3.4 REF. NO. 2 07 

DESCRIPTION 

The reusable portable collector-is constructed of a lightvieight metal (aluminum 
for study) canister type collector with a provision to draw cabin air through 
it during vomitus expulsion. The resulting entrainment will prevent cabin 
contamination. The vacuum provision makes sealing at the face less critical 
than other concepts. A sealing cover prevents spillage. The collector can 
be used at any vacuum source in the spacecraft. The collector is washed out 
in a feces collection commode or other suitable debris trap by connecting a 
flexible flush hose to the collector. 
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, APPLIANCE CONCEPT REQUIRCHtHTS Wm PENALTIES CALCULATIOHS i ' A 

CONCEPT av " INDEX IIUHBER Z ,. 
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CONCCPT 


APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS {CONCLUDED) 
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ASSUMPTIONS . 

(1) Whole body shower concepts enclose the entire body to acconiplish whole 
body cleansing. The showers are similar to terrestrial type; however, 
water usage is much lower, 

(2) The shower frequency used is one shower per man per day (Ref. 127 and 
273). The use time for one shower is 15 minutes (Ref. 127). 

(3) Towels used for drying after showering, if required, are discarded after 

60 drying cycles. • 

(4) Washer/dryer penalty vias based on washer Concept 7 , Water Spray Agitation, 
and dryer Concept 1, Forced Hot Air-Electric Dryer. 

(5) Water used for Space Station body cleansing was assumed to be recycled 
minus the water loss associated with suspended solids. Shuttle water 
used is not recycled. 
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aPPUIANCC CONCEf*T FUNCTION MATRIX 
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX 
APPLIANCE FUNCTION: 2.2.1-WHOLE BODY SHOWER 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTEM Personal Hygiene H ABITABILITY FUNCTION Body Cleansing 

APPLIANCE FUNCTION Whole Body Shower 

• . I....—.. , — 

APPLIANCE CONCEPT NO. /TITLE 1/VacULim Pickup 

INDEX NO. 2. 2.1.1 REF. NO. 127,278,273,236,209, & 129 

. DESCRIPTION 

The vacuum pickup concept is a shower stall, which includes a transparent door, 
and is sufficient in size to allow adequate movement of the crewman during 
showering and stall cleanup. Water is retrieved by a vacuum pickup system and 
pumped to the water waste management system. The pickup system allows the 
crewman to collect water from free air and the stall wall, floor, and door. • 

The shower includes a water distribution system whi ch 'insures proper cleaning 
' with minimum water usage. A fan is used to circulate air to the shower with 
a cabin air bleed for carbon dioxide control within the stall. The circulated 
air is heated to provide a comfortable shower environment. The crewman uses 
terry towels for drying after showering. The terry towels used for the study 
are 16 x 24 inches and are assumed to contain one pint of water after drying 
(278). This concept has been brought to the prototype stage and is scheduled 
. . 'to be tested at NASA JSC. • , . .. 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS 
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APPLIANCC CONCEPT RCQUIRCMLNT'l AND PENALTIES CALCHLAI I0H5 (CONCUJDEO) 
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SPACECRAFT^ Shuttle 

HABITABILITY SUBSYSTEM Personal Hygiene H ABITABILITY FUNCTION Body Cleansing 
APPLIANCE FUNCTION Whole Body Shower 

APPLIANCE CONCEPT NO. /TITLE 2/Air Drag 

INDEX NO. 2.2. 1.2 REF. NO. 278,127 

DESCRIPTION 

The air drag concept is the same as Concept 1 with the exception of body drying. 
Body drying is accomplished by heated air passing over the crewman's body while 
in the stall. The concept eliminates the requirement for towels' and the asso- 
ciated washer/dryer penalties; however, it is a high power consumption unit. 
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APP1,JANC£ CONCEPT REQUlRtHENTS AliD PENALTltS CAiqiLATIOHS _ ' i, 

CONCEPT 7. /A/rd INDEX NUMBER Z, Z . l.lL 


COKPONENT 


(REF) 


lit Cl 

.USE^HE 

CYCLE 

(HR) 

. 2< 

R i C A L POWER 

AC . POWE 

RE.aUI.RE 

R 

M E N T S 

DC 

POWER 

\ 

© © 
PEAK _ AVERAGE 

(WATTS) ' (WATTS) 

(?) 

DEMAND 
(WATT-HR/ 
CYCLE) 
©X(3) . 

© 

PEAK 

(WATTS) 

© 

average 

.(WATTS) 

O') 

DEMAND 

(WATT-HR/ 

CYCLE) 

©X© 

. Z5* 






. 

,c7.^r 


* 



:z< 


V4.4 


« 


. _ rr- . _ -r— ; 


- 




ORIGINAL. PAGE IS 
OP POQ|l QUALTIY , 


KAXIHUH • 


TOTAL MAXIMUM 


TOTAL 


IHERhal. R iauiE !.« ENIi 


SOURCE 


LATENT 

(BTU/UR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/MR) 


Sfkx^cTZScjf'rirP . 7 Q Z- 

/yy>/P rn ^ 


^7/ 




TOTAL 

WATT (BTU/HR) WATT (BTU/HR) 


- Z 7 / 




. 7 — . 


7^S(Z7I ) 

WATT (BTU/HR) . WATT |BTU/HR) 


SOURCE 


U/A- 


0PERAI10NAL PENALTIES 

HEAT LEAK COOLANT ELECTRICAL WEIGHT 

(DTU/HR/CyCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) 


■volume 

(ftVkission) 


1 


TOTAL 


WATTS/CYCLE 

(BTU/IIR/CYCLE) 


WATTS/CYCLE 

(BTU/im/CYCLE) 


KG/mSSION 

(LB/HISSION) 


MVMISSION 

(FT3/HISSI0N) 


02-118561-2 


APPLIANCE COHCtPT REQUIREMENTS AHU PENALTIES CALCULATIOHS (CONCLUDCP) 
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' SPACECRAFT Shuttle 

habitability subsystem Personal Hygiene H ABITABILITY FUNCTION Body Cleansing 

APPLIANCE FUNCTION VJhole Body Shower 

APPLIANCE CONCEPT NO. /TITLE 3/Mechc-mlcaT 

INDEX NO. 2.2. 1.3 __REf. NO. ^ 278 

. DESCRIPTION ^ 

The mechanical shower concept is whole body showering without air recirculation 
and vacuum water retrieval systems. The water is picked up manually using 
towels. The towels are washed and dried after use. Five towels' per shower 
(Ref. 278) are required for crev^man drying and water pickup. Each towel is 
assumed to hold 1.0 pints of water. The stall and water distribution system 
are identical to Concepts 1 and 2. Water recovery from the towels is accom- 
plished by spin drying in the washing machirie. The amount of water left in 
the towel after spin drying is neglected since it is equivalent to towels being 
washed and then dried. This is a valid assumption because the towels are 
washed after each shower. 
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r‘ SPACECRAFT Shuttle 

4.r 

HABITABILITY SUBSYSTE M Personal Hygiono H ABITABILITY FUNCTION Body Cleansing 

^APPLIANCE FUNCTION Whole Body Shaker 

APPLIANCE CONCPT NO. /TITLE A/CoHapsible (Skylab) 

INDEX NO. 2.2. 1.4 REF. NO. 279.283,297.282,255.209 

DESCRIPTION 

The collapsible shov/er concept was used on Skylab. The shower stall is folded 
doivn for use to minimize space. The shaver enclosure consists of two end ring 
closures and a translucent Beta cloth skirt with stiffening rings. One end 
ring attaches to the floor and the otner to the ceiling when the shower is in 
use. Water is delivered through a nozzle with vacuum pickup of water. The 
waste water is centrifugal ly separated and routed to the water waste management 
system. Six pounds of water were used for this concept per shower (Ref. 282). 
One towel per crewman per shower is used for drying. 
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SPACECRAFT 


Shuttle 


HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Body Cleansinc 

APPLIANCE FUNCTION Whole Body ShoWer ‘ 

APPLIANCE CONCPT NO. /TITLE 4/Collapsible (Skylab) 


INDEX NO. 


2. 2. 1.4 


REF. NO. 279 .283 .297 ,282 .255 .209 


DESCRIPTION 

The collapsible shov;er concept v/as used on Skylab. The shower stall is folded 
down for use to minimize space. The shower enclosure consists of two end ring 
closures and a translucent Beta cloth skirt with stiffening rings. One end 
ring attaches to the floor and the other to the ceiling when the shower is in • 
use. Water is delivered through a nozzle with vacuum pickup of water. The • 
waste water is centrifugally separated and routed to the water waste management 
system. Six pounds of water were used for this concept per shower (Ref. 282). 
One towel per crewman per shov/er is used for drying. . 
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APPLIAHCr. CONCEPT REQUIRP'.CNTS AND PCHAITICS CAI CULATIONS (CONCLUnED) 

CONCEPT 4/ €OLCJ}Pi>l &LC INDEX NUHPER 2. 2,1 A 
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HABITABILITY SUBSYSTEM 2.0 Personal Hygiene 

^HABITABILITY FUNCTION 2.2 Bo d y Cleansing 
APPLIANCE FUNCTION Partial Body Washing 

NUMBER OF CONCEPTS CONSIDERED 6 

ASSUMPTIONS ' ■ . ' , V 

(1) The partial body washing is the v^ashing of- local body areas (i .e. , feet, 
hands, face). 

• (2) Washer/dryer penalty was based on washer Concept 7, Water Spray 
Agitation, and dryer Concept 1, Forced Hot Air-Electric Dryer. 

(3) ‘Water used for Space Station body cleansing Was assumed to be recycled 

minus the water associated with the suspended solids. Shuttle water used 
is not recycled. . . 

(4) Partial body washing frequency used for the study is 10 times per day per 
man with a use time of the wetting unit or equivalent of 2. 25 minutes per 
use. 

(5) Washcloths or reusable paper wipes, if required, are discarded after 

60 washing cycles. ‘ . ' . ^ ^ 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hynione H ABITABILITY FUNCTION Body Cleansing 

APPLIANCE FUNCTION Partial Body Washing 

♦ ■ ■ 

APPLIANCE CONCEPT NO. /TITLE 1/Disposable Wet Wipes 

INDEX NO. 2.2.2. 1 REF. NO. 236, 186 

DESCRIPTION 

The disposable v;et wipes concept is a sponge bath technique used to clean local 
areas of the body. A v/ettin.g and soaping unit,. with hand holes is supplied 
for the function. The unit has a water supply outlet, a storage area for soap 
and a fan for providing water entrainment during use. A centrifugal separator 
is provided upstream of the blower to collect used water. Water temperature 
is controlled by mixing hot with cold water in a temperature controlled mixing 
■ valve. The crev/man first "soaps up" the wipe in the wetting unit, then uses it 
to clean the required areas of the body. The wipe is wrung out. and rinsed 
inside the v/etting unit. The rinsed damp wipe is used to wipe excess soap from 
the body. A final rinse and wringing out of the wipe is accomplished and the 
wipe is disposed of by depositing it into a vacuum drier to remove excess water. 
The dried wipe is then deposited into the refuse system. The disposable wipes 
are 12 inch squares of 4 ply wet strength paper, 10 of which are supplied per 
crev/man per day. 
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. APPLIANCt CONCEPT REQUIREKCKTS Wm PCNALTIES CALC'lLATIOtlS ' i 

CONCEPT / • .INDEX NUMBER Z, 2. Z-. I 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 
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SPACECIWn 


Shuttle 


HABITABILITY SUBSYSTE M Pet^sonal Hygiene H ABITABILITY FUNCTION Body Cleansing 

APPLIANCE FUNCTION . Partial Body Washing 

APPLIANCE CONCEPT NO. /TITLE 2/Reusable Wet Wipes 

INDEX NO.. 2. 2. 2. 2 „REF. NO. 236. 186 


DESCRIPTION - ' • 

The reusable wet wipe concept is "a sponge bath technique used to clean local 
areas of the body. The wetting unit described in Concept 1 is also required for 
this concept. The reusable Wipes, however, are wrung out in the’ wetting unit 
and reused. Reusable wipes are provided on a per man basis. The wioe is washed 
and dried using a washing machine and dryer. After 60 v/ashings, the wipe is 
discarded and replaced. The reusable wipes are 10 inches square of 4 ply , 

“wet strength" paper. 
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APPLIANCE CONCEPT REQUIREMLNTS ANO PENALTIES CALCULATIONS (CONCLUDED) 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Body Cleansing 
APPLIANCE FUNCTION Partial Body Washing 

« ’ — — ^ I — ■ . — 

APPLIANCE CONCEPT NO. /TITLE 3/Disposable Wipes (Skylab) 

INDEX NO. 2.2>2.3 REF. NO. 250, 283 

DESCRIPTION 

The disposable wipes concept is made up of prepackaged wipes which v;ere used 
on Skylab. The wipes are contained within a package to eliminate water evap- 
oration during storage. The units are used and discarded. The ■Skylab size 
wipe weight and volume Were ratioed (6.3) to the 10 inch square wipes used in 
Concepts 1 and 2 in order to provide an equivalent trade. 


Wipe Dispenser 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Body Cleansing 

APPLIANCE FUNCTION Partial Body Washing ___ 

APPLIANCE CONCEPT NO. /TITLE 4/Autoniatic Sponge 

INDEX NO. 2. 2. 2. 4 _REF. NO. 236. 100 

DESCRIPTION 

The automatic sponge concept is-, a hand-held scrubber head connected by coaxial 
flex tubing to a water supply valve and an air transport system. Water is 
fed into a sponge in the scrubber head for use in cleaning the body. A water 
pickup housing connected to the vacuum line surrounds the sponge. A water 
separator is used to collect water from the cabin air. A pump unit injects the 
water into the water waste management system. Each crewman has a sponge and 
is provided with one sponge per month to fit the scrubber head. 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Body Cleansing 

APPLIANCE FUNCTION Partial Body Washing 

• ~ . __ .. . - - 

APPLIANCE CONCEPT NO. /TITLE 5/Reusable Washcloths 

INDEX NO. 2. 2. 2.5 REF. NO. 236,237,245>209 

DESCRIPTION 

The reusable washcloths concept, is the same as Concept 2; however, terry 
washcloths are used for cleansing cloths. The terry washcloths are 6 inches 
square. The washcloth is used for 60 washings then is discarded and replaced. 
The v^ashcloth is washed and dried daily using a washing machine and dryer. 
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i t i £1 £ i c A k i 0 W 1 £ £ i a U 1 £ E M E N T S 

A C \ POWER 


USE 9m ® ^ ~ OEI^^D © © 6eMnO 

CVCtE PEAK AVERAGE ^cvcLEr'^ AVERAGE ^cyCLeT^ 

(HR) (WATTS) (WATTS) ©XQ) (WATTS) (WATTS) ©X© 

..S?ClL J2^Q.S 3f*£>2=- > -rn.— _r=__ 


HAXIHUH 


TOTAL MAXIMUM 


li!£E!l&k EiaU i££ iHJt I s 


LATENT 

(BTO/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTO/HR) 


TO COOLANT 
(BTU/HR) 


• TOTAL 


05 ^, 6 . ( 3 (^ 0 ) 

WATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


OP E R A T I 0 N A L PE N A L TIES 


' /^,C> .caS 

total . . 44.U- UL2M1 JJu51ML 

^TTS/CYCLI wATTS/CYCL^ KG/MISSIOH M-VHlSSIOli 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (LB/MISSION) (FTVMISSION) 


HEAT LEAK "™'to COOLANT ELECTRICAL HEIGHT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK HATTS/CYCLE) (LB/MISSIOH) 


Volume 

(FT’/MISSION) 

J.474- 
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APPLIANCE CONCEPT REQUIREMINTS AND PENALTIES CALCULATIONS. (CONCLUDED) 

/'^/? s/^ccor^^&~r index number Z,2,zS_ 


£.ii££ WE.ro HT/VOLU M E R E ft U I R E M £ N 1 S 


COMPONENT 

■ lU£Tr/m OAf/T 


.C!L rPW£ ^ 


.(REF) 


WEIGHT 

(LBS) 

jZ3iJ:9.. 


J. Q7 . 


VOLUME 

(FT3) 

. 74-(* 


TOTAL 




KG (LBS) 


,tz 


&.Z4Ci 


M3 (FT3) • 


SOLID expendable H T/V 0 L REftUlREMENTi ' 

■ © ® ~ ~~ ® ® 

® WT;/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE 

(PKG.WT/UNIT)(REF) ©X© (PKG.VOL/UNIT)(REF) ©X® 

TYPE UNITS/CYCLE(REF) (LB) , • (LB) (FT3) (FT^T 


(jjASf4 aLoT/A(^ __>jg77 _! ,c>0/3.. 


TOTAL WT. 

TTITSTor 


TOTAL VOL 
MISSION 




CYCLES/DAY 




CVCLES/OAY 


20.5' 


X© ^oL 3 . ....... 

^ TOTAL WT/CYCLE 
(LB) 


DAYS/MISSION 

20.5 

DAYS/MISSION 




TOT. WT/CYCLE 
(LB) 

, eoo7/ 

TOT.VOL/CYCLE 
(FT3) . 


CYCLE 


^ ® "m a^Tt^ 

^ (FT3) 

M3 Q.C-7) 


KG (LBT 




OAS/LiftUiD EXP.ENDABLES i £ ft, U I R E M E N T S 


TYPE 

© 

AHT.USED/CYCLE(REF) ' 

* (LB) 

_ *- 5 (Z3C>) 

© 

RECOVERY 

FACTOR 

M/A 

© 

amt. RECOVERED/CYCLE 

©X® 

(LB) 

• H/A 

amt lost/cycle 

®-(l) 

(LB) 

.5 ■ 


wmmmmBm 



MM ■■ 

.9^ ■ 


'T 


E® lAak. 


TOTAL WT. . . 

-RlfSTSir 4^0 

mimhr 


X 20. 5^ X ; (,4c>C, 

"TSITys/hission TO'tTil'Lo'S'tVcyclE 

(t ©i 


E® 


(LB) (r O 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Body Cleansing 

Appliance function Partial Body washing 

APPLIANCE CONCEPT NO. /TITLE 6/Disposable Washcloths (Skylab) 

INDEX NO. 2. 2.2. 6 REF. NO. 236,283 

■■■■—. , , I - ,. . . "'A'" ■ 

DESCRIPTION \ , 

The disposable washcloths concept is the system used on the Skylab vehicle. 

The terrycloth washcloths are wetted by depressing a water supply valve. The 
unit will provide warm water from a heated storage tank. After the cloth is 
used, it is squeezjed using a manual squeezer unit. The water squeezed from 
the washcloth is recovered and routed to the water waste management system. 

One washcloth is provided per man per day. The washcloths are disposed of 
by deposit into a vacuum drier to remove excess water. The dried cloth is 
then deposited into the refuse system. 
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APFUANCC CONCEPT REQUIREHENTS AND PENALTIES CALCULATIONS . • r? -y -y / 

tOHCEP T<^/g>/ 5 /t?S>?/?C.Cr CtJ /y^J^CCOT/ft-^ ■ *N 0 EX NUMBER_^x^^t^i^ 

• f • 

ikL£l£i£4L' £OwER E ka!ii£L!lilili 

■tlSE^MI 


AC ■ POWER 


PC POWER 


^ Qii. ® (D OE^ND (D © 

r - CVClE PEAK , AVERAGE tVCL^^ AVERAGE 

CdHPONENT (REF) (HR) (WATTS) ' (WATTS) ®XQ), (WATTS) (WATTS) 

/;z<$ ,0312 Jlr=__ JJzJs. 

,(>312- fTZt2. ZHS— _=i 


:s%s. 

MAXIMUM • 


.ZIS- J.4j2 


““QT" 

DEMAND 

(WATT-HR/ 

CYCLE! 

®X 0 

232^ 


TOTAL 


MAXIMUM 


TOTAL 


SOURCE 


j(mj£2m? r . o i22 


IfilEtlEk il.ailIiEI.t!.i!Lli 


LATENT 

(BTU/HR) 

JM2- 


SENSIBLE 

( 8 T 0 /HR) 


7LL 

_2M- 


HEAT LEAK 
(BTU/HR) 


JMA. 

.Z3A. 


TO COOLANT 
(BTU/HR) 


JICL 


toiAt 3Z3>Q/oI z9- . c( mLo) Sz. 34 ^/ 2 ) 

WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT ^BTU/HR) 


SOURCE 


®EiEEli&!i.£k FENALIiES 


THERMAL' 

HEAT LEAK TO COOLANT 


ELECTRICAL HEIGHT ‘ VOLUME 

nK.n* vtfvs IV L^uuLPVM ^ 

(BTU/HR/CYCLE) • (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) . (FT’ /MISSION) 


; ‘ " ^ ^ 

; • 





• 



^ ■ 


, 


A- , '■■■'■■ r . " " # 

10 TAL 

■ ■ V , . „ 

■ V ■■■ 


HATTS/CYCIE 
• (BTU/HR/CYCLE) 

HATTS/CYCLE 

(BTU/HR/CYCLE) 

KG/HISSION 

(LB/MlSSION) 

MVMISSION 
(FT ’/mission) 
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COMPONENT 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (COHClUnED) 

(F /JJ/iSHOLOTJ^CiS INDEX NUHUER Z. 'Z,2-,C» 


WLliEI/iOLUHE RilkiREMENTS 


SOLiO ilPENDABLE W I/VOL RiS,Ui££M£NTS 

© ® ® © 

Q wt/unit (ref) wt/cycle vol/unit (ref) V0L/C?CLE 

(PKG.WT/UNIT)(REF) (T)X(|) (PKG.VOL/UNIT)(REF) ®X(|) 

UNITS/CyCLE(REF) (LB). (LB) (FT^) ^T3) 




TOTAL vrr. 

■Hl-SSrOTT 


TOTAL VOL 
HfSSlON 


CVCLES/DAY 


CTCLES/DAY 




TOTAL WT/CYCLE 
• (LB) 


X 2oS X .a/p7& ‘ 

DAYS/IITSSION TOT. wt/cycle 

(LB) 


X ZO.^ 

DAYS/MI SSW 


TOT*VOL/CYCLE 

(FT3) 


E(D 

TOTAL VOL/CYCLE 
(TT3) 

KG (LB) 


M3 (FT-')V ^ 


®AS/LiaU.iD expen DAOLES £ E a U 1 £ E E N T S 


© © 

AMT.USED/CYCLE(REF) ' RECOVERY 


AHT.RECOVEREO/CYCLE amt LOST/CYCLE 

©xd) ffl-@ 


-1^ X Zc'.j.S" X *52.5" • 43c>S * 

— •^wmtstim” TmLiroTiTfe ~ 
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HABITABILITY SUBSYSTE M 2.0 Personal Hygiene 

HABITABILITY FUNCTION 2.2 Body C]eanf;ina 

APPLIANCE FUNCTION 2.2.3 Partial Body Drying 

NUMBER OF CONCEPTS CONSIDERED 3 

** ♦ 

ASSUMPTION? 

(1) The wipes and towels considered for partial body drying provide the means 
for drying local body areas after partial body washing. 

(2) Washer/dryer penalty was based on washer Concept 7, Water Spray Agitation, 
and dryer Concept 1, Forced Hot Air-Electric Dryer. 

(3) Vacuum drying, if used, assumes the residual water in the item to be 
dried is lost to space. Cabin air loss is also computed, since the 
chamber contains a finite amount of cabin air prior to pump down. 
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APPtUNCt concept function PaTRIK 
iNt)Cj^.ND» r»2fi__*i?jL--FiNTrAL_^ isHume:) 


__C0NCCy_U5A6E 
NO# TME 


C ONSU PAeLt S AND FlOW RE0U|REHENTS ^THERNAL NEONTS^ 


ELCC PNP NtQMTS WT/VOC NEQNTS__0 C VEIOPPeNT PrSUPPtL, 

■• " * COST 


AHTt PK PWR AVG PWR 

USES/DAT TTPC_ UStO FLOP PRESS TEHP _ COOUanT HT LEAK AC __ AC PEJGHT VOLUME aVaIL INOE*. HEIGHT 

’ MRS/USE ’ <•) VRg/USE.. ' • -MHH6- -OEG C- -WATTS- -WATTS- DC DC -KG- -CU M- (••) !•••) -KG- 

(LB/USE) f«l (PSIG)_<DEG F J J B TU/HR ) _ ! B TU/HR J •* A T T S - -Wa TT 5- IL0S) UU FTJ *>8^1^ 


ROfOOO 

• 05 & 

>0>obo 

• QS4 


1 5 

S.I2T8 

• 00 

.♦0 

• 0.. 


1 4* 9000 H 

• 00) 

( «0) I 

• 0) 

S 

«0|II 

• 00 

«0 

• 0 


i f0295)X 

^•ooL_ 

_f tO]_i 

*0), 

1. 1 

tODOO 

_70»79„ 

♦ 0 



( •OOOOM ISOtOO) 

( tO) ( 

70t0) 


25 , 198 , _ 

fiS«l ( 475,) 

Of C * 

_0#l 1^, 0*l_ 

_0#.^ 74#_ 

0.1 I 24ltl 


47.2 

• 0 

2582.8 

• M 1 

5 


• 0 

i 

•0 

• 0 

15493,9) 

( S«I2) 


{ 

• 0) 

O - 

• 0 

• 0 

19,4 

• 17 1 

5 


• 0 


• 0 

*0 


5,89) 


f 

• 01 


f2S«0 

• 0 

. , 7f3 

f 02 .1 

5 


tO 


• 0 

tO 

I 14,0) 

( tSS) 


I 

• 0) < 

o 

rv ^ 


APPUANCe 

concept 

"no. 


C 0 N c t p T H J 
REUS A ble"^6r "flriprs 

DISPOSABLE ORT_WlPES^ 

electric ORTER 


CABIN AIR {CIRCULATED), 

CABIN AIR (LOST) 

OXYGEN (LOST) 

COOLING WATER (CIRCULATED), 
WATER (LOST) 

NITROGEN (CIRCULATEO), 

NITROGEN (USED) 

FREON (CIRCULATED), 

WATER (PROCESSED) , 


(LOST) 

(CIRCULATEO), 

(USED) 

(CIRCULATED), 
(PROCESSED) , 


LITERS/SEC 

KG/HR 

KG/HR 

KG/HR 

KG/KR 

KG/HR 

KG/HR 

KG/HR 

KG/HR 


(Ft3/MIN) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/KR) 

Ils/hr] 

(LB/HR) 

(LB/KR) 



(**)AVAILABLE 


(***)COST 

INDICATOR 


(1) AVAILABLE 

0-25:; 

(2) STATE OF THE ART 

25-50S 

(3) SOME DEVELOPMENT REQUIRED 

50-755 

( 4 ) EXTENSIVE DEV. REQUIRED 

75-lOOX 
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APfL* ANCE 
_CONCEPT_ 
NO* 


CONCEPT 


N A H C 


I • REUSAOtE ORY WIPES 

.* - OJSPOSABte ORY. WIPES, 

3 • electric ORYER 



CONCEPT NUMBER - . J | 

Partial Body Drying (Shuttle) Concept Trade I 
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NOhbER or 0*VS • 20t5 { ,06 YEARS) 

_ OSES HOO SUBROUTjnE 29 ^ 

tmermai. Penalty . direct TO coouant (Ub/btumi ,0250 

thermal penalty.- CABIN.HEaT LEAJ5_ ^<L6 /fllUH.) ,0550. 

power Penalty !lbS/waTT) type i ,53oc 
P OJA eR P ENaLTY_ILbS/WaT T) type 2 ,B3 0 0 


SELECTION MATRIX 


<02/0 1/75) 


partial BODY drying (SHUTTLE) 



MIN 

max 




( 

FACTOR 

VALUE 

VALUE 

" PTS 

1 

2 

3 

WEIGHT 

UrOOO 

S693*f 

15 

• 00 

|<«#89 

|4)*96 

POWCR 

,00000 

9IM,25 

IS 


IStOO 

,00 

VOLUME 

,53000 

5*8900 

10 

1,31 

• 00 

9,10 

THERMAL 

•ooooo 

39,2H2 • 

IS, 

. .00 

^15*00 

9.5l_ 

REtl*B-Y 

•99975 

I .0000 

5 

5*00 

5*00 

• 00 

_ MAINTENC _ 

•99999 

I *0000 

5 

_5*00^ 

5*00 

*oo_ 

' ' OEV COST 

5.0000 

‘ 5.0000 

is 

• 00 

• DO 

• GO 

TOTAL PT„ 

,• 00000^ 

^60*000 ^ 

80_ 

_25j72. 

S^f89 

_33,57_ 

RATING 

•OOOOO 

IQOtOO 

too 

32*15 

68*&1 

91 .96 


C_0_K_C 



SENSITIVITY analysis 


BATINS fOR EACH CONCEPT AFTER INCREASING 
SINGLE SELECTION PARAHETER WEIGHTING FAC TOR B Y 
(BASED ON 100 8 MAX POINTS) 



1 

2 

3 

NORmAU 

32* tS 

68.61 

*4i>9A 

height 

29.R0. 

71 ,21 


poker 

37.4*»_ 

7) •30_ 

.38*37. 

VOLUME 

31.03 

6M .57 

MM. 85 

thermal 

29.«(0_ 

.7) . 30_ 

-M3. 80. 

reliab-y . 

3<4.2) 

69.S& 

Mt ft9 

maintenc 

3R.2) 

69.56 

MO. 69 

OEv Cost 

29. MO 

62.73 

38.37 


C 0 N C E P T 


SENSITIVITY ANALYSIS 


_BATINS FOR EACH CONCEPT AFTER INCREASING 
SINGLE SELECTION PARAMETER WEIGHTING FACTOR BY 
(BASED ON 100 8 MAX POINTS) 





concept 


. 1 

. 2. 

3 

NORMAL 

32. IS 

66*61 

Ml. 96 

weight 

35.98 

65.99 

-45t99 

POWER 

25.59 

65*36 

96*30 

VOLUME _ 

_ 3 3.93 

73.1 8 

38*69 

thermal 

35.98 

65.36 

39. 7M 

REl I A8-Y 

29*97 

67t59 

M3. 3 2 

maintenc 

29*97 

67.59 

m3. 3 2 

OEV COST 


75.70 

M6.30 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Body Cleansing 

APPLIANCE FUNCTION Partial Body Drying 

APPLIANCE CONCEPT NO./TITL E 1/Reusable Dry Wipes 

INDEX NO. 2. 2. 3.1 REF. NO. 236,250 

DESCRIPTION , ■ ^ 

The reusable dry wipe concept consists of wipes made of terrycloth. The 
terrycloth wipes are 15 x 30 inches and are used 10 times per day before 
washing. The concept includes the weight and volume of the wipe dispenser. 

The towels are washed and dried after one day of usage and are .discarded after 
60 washings, The concept is penalized for the washer/dryer function required 
to recycle the wipes. The terrycloth wipes are smaller and lighter than the 
terry towels used for whole body drying after showering. 


TOWEL DISPENSER 


APPLIANCE concept REQUIREMENTS AND PENALTIES CALCULATIONS , 

CONCEP T Djt Y' >NO£X NUMBER ,J«J. 



1 k 1 a 1 £1 a A L 

POWER 

£aaai£L 

M E N T S 





AC . P 0 H E 

R 

0 C 

POWER 


COMPONENT (REF) 

USE^HE C?) 

CYCLE PEAK 

(HR) (WATTS) 

• 

AVERAGE 

(WATTS) 

OEI^D 

(HATT-HR/ 

CYCLE) 

(I)X(3) 

(D 

PEAK 

(WATTS) 

© 

AVERAGE 

(WATTS) 

demand 

(WATT-HR/ 

CYCLE) 

®x6 


MAXIMUM 


TOTAL 


MAXIMUM 


. TOTAL 

f 


1 H E R M A k i*i ail £ i M i !!. IS- 


SOURCE 


LATENT 

(BTU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 


TOTAL 


WATT (BTU/HR) 

♦ 


WATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


0 P E R A T I 0 N A L PE N A L T I E S 


c 


SOURCE. 






HEAT leak '”^0 COOLANT ■ELECTRICAL HEIGHT 

(BIU/HR/CVCLE) (BTU/HR/CYCLE) , (PK HATTS/CYCLE) (LB/MISSION) 








1Z5U.L 
.2 7, S .. 


ZS.l 


.U.CLQ.. 


VOLUME 

(FT^ /HIS SION) 

z.z. 




ns, I 

TOTAL _£&1S,SX- 

HATTS/CYCLE 


24, e 



H>TTS/C/CLE 




(BTU/HR/CYCLE) {BTU/HR/CYCLE) 


tsn 

(2s,n 

KG/mSS%l 
(LB/MI SSION) 


JZC> 

^VHISSW^ 

(FTVHISSION) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 
CONCEPT I / INDEX NUMBER 


COMPONENT 


£ii.E£ MEiGHI/VOLUME R £ £ £ ,X E i tl £ £ T S 


KG (LBS) 


M3 (FT3) , 


OLIO £xpenoable wt/vol E£££iE£!l£NLS 

© . ® ® ® 

Wr/UNIT (REF) VTT/CYCLE VOL/UNIT (REF) VOL/CYCLE 

(PKG.WT/UNIT)(REF) ®X(f) (PKG. VOL/UNIT) (REF) ®X(S) 

UNITS/CYCLE(REF) (LB). (LB) (FT^) (FT^T 
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TOTAL V OL 
MISSION 


CYCLES 


CLES/DAY 


CYCLES/DAY 


2(D 

TOTAL Vn'/CYCLE 
• (LB) 

ZO. S t ^ O O P'/ 

DAYS/HISSION T0T.in7CYCLE 

(LB) 

DAYS/HISSION TOT. VOL/CYCLE 

(FT3) 




OA S/L ray. TD ££p end ABLE. S E £l£iE£M ££ T S 


AMT.USED/CYCLE(REF) ' 


RECOVERY 


AMT . RECOVERED/CYCLE AMT LOST /CYCLE 

(X»X® @-<2) 


4 q. X ■Zo.S X (^.9 ■ ^ H/A 

CYCLE^Y nWYSyMrsTrON TOW list/CYCLT ' ' 










MAXIMUM TOTAL MAXIMUM TOTAL 


M E.N T S 


LATENT SENSIBLE HEAT LEAK TO COOLANT 



TOTAL . C 

WATT (BTl'/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) 



OPE RAT I 0 N A L P E N A L T I E S 


SOURCE 


TE£RMAL 

HEAT LEAK TO COOLANT 

(BTO/llR/CYCLE) (BTU/HR/CYCLE) 


ELECTRICAL HEIGHT 

(PK WATTS/CYCLE) (LB/HISSION) 


VOLUME 

(FT’/HISSIOH) 




WATTS/CYCLE WATTS/CYCLE KG/HISSION HVMISSIOH 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (LB/HISSlOH) (FTVMISSION) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT 7.lDl£PaSAfiLr u)/f^£S index number 2.2. S., 


liiifi KI I I/VOLUME EiflUiREMENlS 


•(REF) 

...Msc,) • 


COMPONENT 

D/SPefJset^ 


WEIGHT 

fS^ 7 .S 
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(FT?) 
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KG (LBS) 
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miiisaaLsiams. , s c^ ) 


© 
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® ® 
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f 
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' 
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TO l/AOJ^/ff D^i'/A/a 


© 
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<D 
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© 
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■ 
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(lbT 

.OZ4-S 


•I 


s® 
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SPACECRAFT_ Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Body Cleansing 

APPLIANCE FUNCTION Partial _Bodv Drying 

APPLIANCE CONCEPT NO. /TITLE 3/E1ectric Dryer 

INDEX NO. 2. 2. 3. 3 REF. NO. Electric-Air Coro. 

DESCRIPTION 

The electric dryer concept is identical to the terrestrial type'used in 
restrooms. The concept incorporates a fan for blowing warm-dry air on the 
local body areas requiring drying., A nozzle is provided which can be used to 
direct the air strdam. The concept does not require wipes for. drying. A 
large “button" switch iis provided for ease of actuation and the unit uses a 
timer to automatically turn off the unit after 40 seconds of operation. The 
automatic shutdown is incorporated to save power. 




0^ ^ , • 
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CONCEPT^ 


APPLIANCE CONCEPT REOUlREHENTS AflO PENALTIES CALCULATIONS 


INDEX NUMBER 
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POWER 


(D 

PEAK 

(WATTS) 


CD 
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LATENT 

(BTU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/im) 


TO COOLANT 
(BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


0 P E RAT I ON A 1 PEN A L T I E S 


SOURCE, 


■ HEAT LEAK COOLANT ELECTRICAL HEIGHT 

(BTU/IIR/CYCLE) {BTU/HR/CYCLE) , (PK WATTS/CYCLE) (LB/HISSION) 


VOLUME 

(FT^/HISSION) 


WATTS/CYCLE WATTS/CYCLE 

•••• (BTU/HR/CYCLE) (BTU/HR/CYCLE) 


KG/MISSION 

(LB/HISSlON) 


HY/MISSION 

(FTVMISSION) 
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APPLIAHCE COHCtrT REQUIREMENTS AND PfNAtTIES CALCULATIONS (CONCLUDED) 

CONCEPT /T L€cr/2.tc D ll ' ” INDEX NUKOER. 


CJ 


COMPONENT 


WEIGHT 

•(REF) , (LBS) 

!L 

c^/tp / . 


volume 

(n») 


7.24 

KG (LBS) 


CSS) 

M* (FT’) . ^ 


SOLID I.2.LEN0ABLE WT/VOL RiaU.iB.EMENTS 

(D -d) © © 

© WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE 

■ (PKG.HT/UH1T)(REF) (DX® (PKG. VOL/UNIT) (REF) ®X© 

ONITS/CYCLE(REF) (LB). (LB) (FT^) fFTS) 


TOTAL WT. 

n^ssioN 


TOTAL VQL 
MISSION 


E® 


TOTAL HT/CYCLE 
- (LB) 


CYCLES/OAY 


CYCLES/DAY 


DAYS/MISSION 


DAYS/HISSION 


TOT.WI/CYCLE 

(LB) 


TOT. VOL/CYCLE. 
(FT3) 




TOTAL VOL/CYCLE 
A (FT3) 


L5. . ILL 

E N D A B 1 E S 

R E aU I R E M E N T S 


<D 

® 

RECOVERY 

d) 

AMT.REGOVERED/CYCLE 

AMT LOST /CYCLE 

)/CYCLE(REf) 

(LB) 

Qnm 

®*(3) 

FACTOR 

(LbT 

(lbT 






TOTAL WT. . 
' . "RIsTiW’ 


X X 

~CYCLE/DAV "BTYS/KISSTOir* TSlirrcST/tYCLE 

Cc <3» 


!□ 
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HABITABILITY SUBSYSTEM 2.0 Personal Hygiene 

IIABITABILITY FUNCTION 2.3 Personal Groonrinn 

APPLIANCE FUNCTION 2.3.1 Shaving 

• ♦ 

NUMBER OF CONCEPTS CONSIDERE D 5 

u 

ASSUMPTIONS ' • 

(1) The shaving concepts are mechanical, electric, and vacuum operated with 

methods incorporated to retrieve cut hair particles to prevent cabin 
contamination. . ' 

(2) The study assumed one shave per day per man. 

(3) Shaving is assumed to take 6 minutes per shave (236). 
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SELECTION HaTRIX • 


• • • 

C 01/ 15/75) 


SHA VINO (SHUTTLE) 



H I N 

. MaX - 





C- 0 H C- 

e p T 

FACTOK 

Value 

VALUE 

>TS 

1 

Z 

3 

H 

5 

»CIQHT 

•37000 ■ 

<♦.7500 

IS 

8* 37 

• 00 

1 1 *0H 

|3.63 

6 • cO 



6S t i&o 

IS 

-15*CU - 

• 00 

— 5 *00 

— 1 5*00 — 

— *00 


• ^50Cu-02 


10 

B « 1 0 

« uo 

9.^7 

9t89 

7*62 

THtKlvAt — 

• (jooao 

-> 2 • Z 5 So — 

AS^ 

-15. oC — 

*00 

-IS.UO 

-iStOO “ 

*00 

Hti.1 AS^Y 

• 99797 

1 *0000 

S 

5>wu 

• 00 

»ou 

• GO 

S • 00 

maintenC- i 

Tf p ^ p 

i •UuoO 

5 

S # o 0 

*00 

• U 0 - 

-...,. • 0 0 — 

— S * GO 

11^ #1* " ^ • " • m 

UE V CUST 

• uuouo 

1 S •uuU 

kS 

ts«0u 

S • UG 

15*00 

5 t Ou 

• UU 

total pt -ijaunc 


Be 


-^•00. 

—66.31 56.72 23.62 

«AI,INQ 

.•OOGQO- 

_iGO*aa 

_100— 

.^9«33_ 

_6.25, 

_ 82.89. 

__73.*U 29.52 




5ENSlT|.y.ITY-ANAI.J.SIS 


R*tjn6 for Each comclPT after incReasins 
.. ^INSLE-SekECTiON PaRAMeTeR WEloHriNG FaCTOR-BT—SP-S 
I (BASED ON >00 B MAX POINTS) 



C 0 N C E P T 

-,.— 2, 3.^ H...... 5 

- normal _ e 9 . 3 3._ 6 » 2 s fl 2 . 89 7 3 ♦ 9 i 2 V • S2_ 

height __ 92«8o 6*90 83*29 „7i,H6 . 20*99 

POdER 86.23 8*?u 8)*12 7u*8s 32*So 

.VOwOME 8 9.89 6 * 67 _ 82. 10 71*70 .26*<H_ 

thermal 88.23 6*9o 8)*I2 7C*6& 32*58 

r£l1AB« Y 68.99 6*45_8S*56 75*77 27*25_ 

MAiNTENC 86.99 6*45 85*56 75*77 27*25 

.U£»_COSt 88,23 3*45 81*12 77*55_32*58._ 
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX 
APPLIANCE FUNCTION: 2.3. l-SHAyiNS 


COMPONENT TYPE 

NUMBER OF COMPONENTS 


1 

s 

. 

■ 



• 

' 

: 








■ 



NUMBER 

OF 

safety' 

CRITICAL 

ITEMS 

APPLIANCE TYPE 

Q 

0 

0 

o 

0 

o 

o 

o 

o 

o 

o 

o 

o 

0 

o 

o 

WET SHAVE WITH SAFETY RAZOR 
AND CREAM 

DRY--SHAVE-ELECTRIC RAZOR/VACUUM 
COLLECTION 

DRY SHAVE-WINDUP RAZOR 

DRY SHAVE- VACUUM MOTOR-DRIVEN ■ 
RAZOR 

WET SHAVE-SAFETY RAZOR/VACUUM 

■ . :i ■ 

i 

1 

. 








i 

i , 



' 


i 


0 

0 

0 

0 

0 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTI0N Per<;nnn1 GrooininQ 

^APPLIANCE FUNCTibN Shaving 

APPLIANCE CONCEPT NO. /TITL E 1/Wet Shave-Safetv Razor and Cream 

INDEX NO. 2.3.1.1 REF. NO. 236. ?07 



I 


I 





I:' ■ ■ ■ 



DESCRIPTION 

The safety razor and cream wet 'shaving concept consists of a safety razor :^nd 
cream. The safety razor is an injector type and the shaving cream is contained 
in aerosol cans. The Skylab crew felt shaving cream should be dispensed using 
an aerosol can. The safety razor is provided with an arm which is actuated 
to remove the hair particles and cream prior to wiping the razor. One new ■ 
blade is provided for every three days of usage. This concept was flown on 
Apollo. . . 
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APPLIW(CE CONCEPT REQUIREMENTS AND PENALTIES CALOrt-ATIONS 


I • APPLIWitt CUNCEPT REQUIREHLNIS 

CONCEPT 'etkz.oL i C-Pei^Vv 


INDEX NUMBER 


■ 23 . 1 . ' 21 . 


><^jr 


COMPONENT 


ik££Iii£f^k £0W£R & lau JLEkiikN li 




USE TIME 
CYCIE 

(REF) (HR) 


A C 


0 W E R 


iPEAK 

(WATTS) 


MAXIMUM 


® 

AVERAGE 

(WATTS) 


~w~ 

DEMAND 

(WATT-HR/ 

cycle) 

©XQ) 


TOTAL 


DC POWER 


PEAK 

(WATTS) 


MAXIMUM 


® 

AVERAGE 

(WATTS) 


DEMAND 

(WATT-HR/ 

CYCLE) 

®X(|) 


TOTAL 


ItliEMEk Ekaa.iii.M E N T S 


r 


SOURCE 


y A 


LATENT 

(BTU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 


^ A 


SOURCE 


TOTAL 


WATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


OLkiEIifitLEk penal TIES 

HEAT LEAK COOLANT E'-ECTRICAL WEIGHT 

(BTU/HR/CYClE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) 


WATT (BTU/HR) 


VOLUME 

(ftVhIssioh) 


*•* 

:!• 


TOTAL 


WATTS/CYCLE 

(UTU/IIR/CYCLE) 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


KG/HISSION 

(LD/HISSION) 


B2-260 


m’/hissToh 

(FTVHISSION) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT. €Azo/e. /iAJo index 


Iii£D ME i‘G H T/V 0 L U M E REaUiREHENTS 


COMPONENT .(REF) 

3L/3 P £5- 


WEIGHT 

(LBS) 

/,hO 1 


VOLUME 

(FT3) 

^■1- 

,o ^ 


A 



TOTAL 


.9ZS rz.Q4C.) 

KG (LBS) 


,OOZ3 Cpe3) 

(FT3) ' , 


TYPE 

£LaD.CZ. 


SOLID 


EXPENDABLE 


© 

UNITS/CYCLE(REF) 

»33 3 (z s/^ 


M l/v 0 L R £ a u i R E M E N I S 

© . @ ® 

MT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) 

(PKG.WT/UNIT)(REF) ©X© (PKG.VOL/UNIT)(REF) 

(LB). ■ ^(LbT (FT') 

.0(9 5 1 


VOL/CYCLE 

fr!.? 

.oooxz^i 


TOTAL WT> 
ITTSSION 


TOTAL VOL 
MISSION" 


CYCLES/DAY 


CYGLES/DAY 


X "Z-0, 5* 

E® -^i95y 

TOTAL Vr/CYCLE 
• (LB) 

TOTAL VOL/CYCLE 
(FT') 

X ,01957 ' 

.7ZS 

0AYS/M1S5I0N 

TOT.WT/CYCLE 

(LB) 

KG (LB) '' 

X 2o.5 

• X .OOOSZ^i ‘ 

i .OOIZ3 (,C9S) 

DATS/MlfSION 

TOT. VOL/CYCLE 

/ V 



£AS/Lr^UiD 

© 


. TYPE 


AMT. USED/CYCLE (REF) 
' (LB) 


£XPENDABLES 

© 

RECOVERY 
FACTOR 


B. £ 9. D i R £ H £ N L 1 

© 

AMT. RECOVERED/CYCLE 

%? 


® 

AMT LOST/CYCLE 

©-© 

(LB) 


Ed) / • E© 


TOTAL WT. . 

Til^'sioTT 

cYcle/dAy 


bAYS/HlsTrON 


total lOst/cycle 

(r 0 


(LB) (r © 


KG (lb) 




P2.-II856I -2 

/ - ' ‘ 

SPACECRAFT 'Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Shaving 

APPLIANCE CONCEPT NO. /TITLE 2/Drv Shave-Electric Razor/Vacuum Collection 

INDEX NO. 2. 3. 1.2 REF. NO. 236,207 

DESCRIPTION 

The electric razor/vacuum collection dry shave concept consists’of an electric 
razor with vacuuni collection of the cut hair particles. The electric razor 
incorporates a hood to aid vacuum collection. The unit requires' a vacuum for 
collection of the hair particles. The concept, therefore, is penalized for 
a vacuum unit based on operating time. The vacuuni unit used is identical to 
the Skylab power module. . ; 



I 
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. AW'UANCE CONCEPT REQUIREHENTS-AfiD PeNALTlES CALCULATIONS _ „ _ 

et ^-cr^/c. /i/izoAL/i/^caO/y^ cocca'cr/OA/ index nuhder, 


componemt 


it’l.£lEi£4.L E£W£E £ £ £ £ i £ LUL E I s 



A c . power 


© 

PEAK 

(WATTS) 


© 

AVERAGE 

(WATTS) 


DEMANO 

(WATT-MR/ 

cycle! 

ci)x® 


DC POWER 


© 

PEAK 

(WATTS) 




® 

AVERAGE 

(WATTS) 


(J) 

DEMAND 

(WATT-HR/ 

CYCLE) 

®X® 


‘3o . 

MAXIMUM 


3.0 

TOTAL 


MAXIMUM 


. TOTAL 


Ill££££k’ £'iQ.Ui£i!!i££I 5 


SOURCE 


LATENT 

<PTU/HR) 


SENSIBLE 

(BTU/KR) 

-A.... 


HEAT LEAK 
(BTU/im) 




TO COOLANT 
(BTU/HR) 


TOTAL 


WATT (BTU/HR) 


■/g— (g-4l / g (fiX 

WATT (UTU/HR) WATT (BTU/HR) 


WATT (BTU/HR) 


r 


SOURCE. 


OPERA T I 0 N A L 


P E N A L lii S 
ELECTfUCAL 


• Thermal 

HEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATT3/CYCLE) (LB/HISSIOH) 


weight 


PDLU(T7t 


4-0 


MS-1. 


JZ£L 


VOLUME 

(ftVmission) 

■ .cz 



WATTS/CYCLE 

(BTU/HR/CYCLE) 


. jjSLM 


KG/MISSIOU 

{LO/MISSION) 


,c^oS7 


hVmission 

(rT>/KlSSJO.N) 
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CONCEPT. 


APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CCCC.€CT/OKi INDEX NUMBER 2.3. 


COMPONENT 


Mii£!ll/v 0 L u M E 


•(REF) 




WEIOHT 

(LBS) 

4.0 


VOLUME 

(FT’) 


TOTAl. 


/.8 ( 4 , 0 ) 


KG (LBS) 


. 0//3 0 ^) 


M’ (FT’) ■ , 


TYPE 


SOLID expendable WT/VOL EiaUiREMENIS 

© • © (i) 

/«. WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) 

ti) (PKG.WT/UNIT)(REF) (i)X(|) (PKG.VOI./UNIT) (REF) 

UNITS/CYCLE(REF) (LB), (LB) (FT’) 


VOL/CYCLE 


TOTAL WT. 

'lirssiON 


TOTAL VO L 
MISSION 




TOTAL WT/CYCLE 
• (LB) 


CYCLES/DAY 


DAYS/MISS ION 


TOT. WT/CYCLE 
(LB) 


CYCLES/DAY 


X X 

DAWMl^riON ^ " T“6 t7V0L /CYCLE 

irv) 


” 



, 



. ■ V 
























E® 


TOTAL VOl/CYCLE 
’ (FT3) 


KG (LB) 




TYPE 




•i 


ais/Liaaia expendables Ri.au i,r eh e n is 

' © 

RECOVERY 


E© 


AMT. RECOVERED/CYCLE 


© 

AMT.USEO/CYCLE(REF) ' ~ ^ - - 

' (LB) FACTOR (LB) (LB 


©Xg) 


TOTAL WT. . 

TTRSTOr X X 

■ — CYfiLf/DAT — ""TOs/hTssTi)!?” Total’ Tosi /cycle 


L© 


(LB) 


(£ © 


AMT LOST/CYCLE 

®-ut 


KG (LDT 
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SPACECRAFT Shuttle 

^BITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Shaving ' 

APPLIANCE CONCEPT NO. /TITLE 3/Drv Shave-Windup Razor (Skvlaby 

INDEX NO. 2. 3. 1.3 ■ REF. NO. . NASA USC, G.E. 

DESCRIPTION . ■ ’ ’ 

The windup razor dry shave concept consists of a mechanical windup motor 
shaver with a hair particle reservoir. The unit was used on Skylab and the 
weight and volume figures specified are for the flight weight unit. 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS 


CONCEPT 


1 • APPLIANCE CONCEPT REQUIREMENTS AND 

SU'lVE. ^ un to t> V>T» T2A20C. CS|CVhjL,A^^ 


INDEX NUKOER. 


7 ,*S. 


COMPONENT (REF) 

• * . ■ 


iki£l£iCik EOWER EkaSHEkEkNli 


USE^ME 

© 

A L . r U H t 
© 

OE^ID 

CYCLE 

. PEAK 

AVERAGE 

(WATT-HR/ 

CYCLE) 

(HR) 

(WATTS) 

(WATTS) 

@X^ 

. 

* 


DC POWER 

(D © 

PEAK AVERAGE 

(WATTS) (WATTS) 


DEMAND 
(WATT -HR/ 



MAXIMUM 


TOTAL MAXIMUM 


TOTAL 


■ IH'ERMAk EkaUiikJlkNTS . 

LATENT SENSIBLE HEAT LEAK TO COOLANT 

SOURCE (BTU/HR) (8TU/HR) (8TU/HR) (BTU/HR) 


TOTAL • 

WATT (BTU/HR) ‘ WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) 



9 t 



, 

OPERATiOHAL £EEAkIil,i 



0 ■ ' 

SOURCE 

TMEfU'tAL electrical 

HEAT LEAK TO COOLANT tLtUKiLRL 

(DTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) 

WEIGHT 

(LB/HTSSION) 

' VOLUME 

(ftVmission) 










TOTAL . 





WATTS/CVCLE 

' WAlTS/CYCtE 

KC/MTSSION 

MVMTSSIOM 


.. (UTU/HR/CYCLE) 

(BTU/HR/CYCLE) 

(LB/HISSION) 

(FTVMISSION) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

>noex nuhder 2,B. hS 


Lilifi WEIGHT/VOLUME R L ft Uvl. & 1 « £ N I i 


KG (LBl!) 




M’ (FT3) , 


SOLID EXPENDABLE W T/ V 0 L E £ fl H i B, i H L N T S 

© . © © © 

^ WT/UNIT (REF) WT/CYCLF. VOL/UNIT (REF) VOUCVaE 

© • (PKG.WT/UN1T)(R£F) QX® (PKG.VOL/UNIT)(REF) ®X® 

UNITS/CYaE(REF) (L8). (LB) (FT’) (FT^J 




TOTAL HT/CYCLE 
• (LB) 


E® 


TOTAL VOL/CYCLE 
(FT3) 


CYCLES/OAY “ DAYS/HISSION 


TOT.WT/CYCLE 

(LB) 


KG (LBl 


CYCLES/DAY 


X X 

DAYS/HlSSlON 


TOT. VOL /CYCLE 
(FT3) 




£ X >£N 0 A £1 E S R ££U 11 £M E N rs 


AMT.USEO/CYCLE(REF) ' RECOVERY 

' (LB) FACTOR 


AMT. RECOVERED/CYCLE AMT LOST/CYCLE 

@X(i) ©-(p 

(lbT (lbT 


E® 


E® 


X X 

CYCLE/DAY “ISVS/MlSilON 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Groomin g 

^APPLIANCE FUNCTION Shaving 

APPLIANCE CONCEPT NO. /TITLE 4/Dry Shave-Vacuum Motor-Driven Razor 

INDEX NO. 2.3. 1.4 REF. NO. 280 

DESCRIPTION 

The vacuum motor-driven razor dry shave concept consists of a vacuum driven 
motor with a hair particle reservoir. 

The motor runs on space vacuum which turns the shaver' at 2500 RPM. 
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■ APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS 

CONCEPT Mo"\-oCi. ~’P5^1VSs)C)'lgUZOR, INDEX NUMBER. 


z.-^,\ .4 


COMPONENT (REP) 

V ^/1 » . ■ 


ELECTRICAL 

POWER, 

ELauiRLMitili 

* 



AC . POWER 


DC POWER 


USE ^"l ME (?) 

CYCLE . PEAK 

(HR) (WATTS) 

AVERAGE 

(WATTS) 

oemA.no 

(WATT-HR/ 

CYCLE) 

(i)X(3) 

© 

PEAK 

(MATTS) 

© 

AVERAGE 

(WATTS) 

C.7) 

OEHANO 

(WATT-HR/ 

CYCLE) 

(X)X(2) 


» . . • MAXIMUM TOTAL MAXIMUM TOTAL 

« 4 

IH'ERHAL R.iay.iiiM£NTS . 

LATENT SENSIBLE HEAT LEAK TO COOLANT 

SOURCE • (BTU/HR) (BTU/IIR) (BTU/HR) (BTU/HR) 

■ mA '' ■ 


TOTAL : i 

WATT (BTU/HR) ‘ WATT (BTU/HR) MATT (BTU/HR) WATT (BTU/HR) 


§ 

SOURCE 

ksA 

OPERATIONAL P 

THERMAL 

HEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) 

E N A L T I E S 

ELECTRICAL 
(PK WATTS/CYCLE) 

HEIGHT 

(LB/MISSION) 

VOLUME 

(ft’/mission) 

• 


• 



♦ 

TOTAL 






WATTS/CYCLK 

WATTS/CYCLE 


icG/HISSIOH 

hvmission 

’ ( 

.. (BTU/HR/CYCLE) 

(BTU/HR/CYCLE) 


(LO/HISSlOK) 

(FTVMISSION) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT 4 fpj2. s/Mi/e' - MOTOje. - index numbe r Z. 3. L 4- 


lli£0 WEIGH T/VOLUHE EiftU.XREMENTS 
• • WEIGHT 

COMPONENT ,(REF) (LBS) 

■ ^37 


VOLUME 

(FT3) 



TOTAL 


(37)- 


KG (LBS) 


,00013 C.007S) 


M3 (FT3) • , 


TYPE 




SOLID iXPENOABLE WT/VOL RiaUlREHENTS 

© • @ ©• 

© WT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) 

(PKG.WT/UHIT)(REF) ®X@ (PKG. VOL/UNIT) (REF) 

UNITS/CYCLE(REF) (LB). (LB) (FT’) 


VOL/CYCLE 




TOTAL WT/CYCLE 

• (LB) 


E® 


TOTAL VOL/CfaE ‘ 
' (FT3) 


TOTAL vrr. . 
"HTssion " _ 


_ X _ 


_ X _ 

* 


CYCLES/DAY 


OAYS/MISSION 


TOT. WT/CYCLE 
(LB) 


TOTAL VOL 
MISSION ■ _ 




_'x _ 



• CYCLES/DAY 


DAYS/HlSSION 


TOT. VOL/CYCLE 
(FT3) 



TYPE 

-/V//} 


OAS/LlQUiO EXPENOABLES 


R E au 15. E M E N T S 


© 

AMT.USEO/CYCLE(REF) 
' (LB) 


© 

RECOVERY 

FACTOR 


© 

AMT. RECOVERED/CYCLE 






V ' : . • 

TOTAL WT^ ^ ‘ ’ 

‘lU^'l'ON _ X X ■ 

ViCllf^Ri OAYS/fTlS'SiON VGfi^ITCSTT^CLE 

■ (s <3» (LB) 


r© 


(E © 


KG (LB) 
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SPACECRAFT 


Shuttle 


HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Groomin 

APPLIANCE FUNCTION Shaving ^ 

APPLIANCE CONCEPT NO. /TITLE 5/Wet Shave-Safety Razor/Vacuum Collection 


INDEX NO. 


2. 3. 1.5 


REF. NO. 


236,206 


DESCRIPTION 

The wet shave safety razor/vacuum collection concept consists of the same 
razor described in Concept 1 with the addition of vacuum collection. The 
vacuum unit used is identical to the Skylab power module. The concept is 
penalized for a vacuum unit based on operating time. 


lilftDE MIGLE— .• 
MJUSTMEtJT / 


BLAOE- 


auicK- 

DISCCIK3ECT 


HAIR, 
SHAVING 
CREAM. ANH 
CABIN AIR 
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■ APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS . ' ^ / j— 

■ ccc^cno/u index nuhder 


COMPONENT 


(REF) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT J2/iZoi^/i//iCUo>M ^LCdcTyci^ index number 2,3. /.S 


fixed weigh i/volume RilfliL.i r e m e n t s 


COMPONENT •(REF) 

£/}EC^//:fOLD.£E. 

BL B P£^ C23i) 


WEIGHT 

(LBS) 


VOLUME 

(FT3) 






TOTAL 


. 9Z8 

KG (LBS) 


CoS 3 ) 

m3 (FT3) ' , 


TYPE 


SOLID expendable WT/VOL REQ. 


© 

UN ITS/CYCLE (REF) 



© 

WT/UNIT (REF) 
(PKG.WT/UNIT)(REF) 
(LB). 

rOS87^(m) 


■ ® 

WT/CYCLE 

®X® 

■ (LB) 




y^XREKENIS 

VOL/UNIT (REF) VOL/CYCLE 

(PKG. VOL/UNIT) (REF) ®X@ 

(FT3) TfT^T 



TOTAL WT. 
TTTSSrON 


TOTAL_VOL 

ffrsSICTN 


E® 


^.<2>zss:z 


TOTAL WT/CYCLE 
• (LB) 



■ (FT3) 


.4. 

CYCLES/DAY 


CYCLES/DAY 


X zo.^ 

X 

1 7T^ 

1 

DAYS/MISSION 

X 

DAYS/HISSION 

TOT. WT/CYCLE 
(Lb) 

'x ' 

TOT.VOL/CYCLF. 

KG (LB) 

»00/2S~ 

FFTfW 

e 

{3^ 


(FT3) 


TYPE 


OAS/LXaOiO EXPENDABLES 


© 

AMT.USED/CYCLE(REF) 
' (LB) 


© 

r RECOVERY 
FACTOR 


RiaUiREHENIi 

© 

AMT. RECOVERED/CYCLE 



AMT LOST/CYCLE 

©-© 

(LB) 


. y 

TOTAl^MTi. 
“hits I OH 


S® 


CYCLE/OAY 


MYS/HfSSION TTtAL LOTiTcTCLE 

(s 0) 


(LB) 


'£® 


(r © 


KG (LB) 







D2M1S56I-2 • 


HABITABILITY SUBSYSTEM 2.0 Personal Hygiene 

HABITABILITY FUNCTION 2.3 Personal Grooming 

APPLIANCE FUNCTION : 2.3.2 Hair Cutting 

NUMBER OF CONCEPTS CONSIDERED ^ . ■ 

ASSUMPTIONS 

(1) The hair cutting concepts are mechanical and electrically operated with 
methods incorporated to retrieve cut hair particles to prevent cabin 
contamination. 

(2) The study assumed one haircut every 14 days for Concept 1 and every 
7 days for Concept 2. 

(3) Hair cutting is assumed to take 15 minutes for Concept 1 and 5 minutes 
for Concept 2 per haircut. 
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX 


APPLIANCE FUNCTION: 2.3.2-HAIR CUTTING 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hvoiono H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Hair Cutting 

APPLIANCE CONCEPT NO. /TITLE 1/E1ectr1c Clipper/ Vacuum Collection 

INDEX NO. __ 2.3.2. 1 REF. NO. _ F.36.207 

DESCRIPTION 

. « « 

The electric clipper/vacuum collection concept consists of an electrically 
driven clipper with vacuum collection of the hair clippings. The clipper is 
similar to the terrestrial barber type. The unit used for vacuum collection is 
the power module used on Skylab. A hood is employed over the clipper area to 
assist in the pickup of the hair clippings. 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Hair Cuttinq ' ' • 

APPLIANCE CONCEPT NO. /TITL E 1/E1ectric Clipper/Vacuum Conection 

INDEX N0.___2^1^LJ REF. NO. 236.207 

DESCRIPTION ■ 

The electric clipper/vacuum collection concept consists of an electrically 
driven clipper with vacuum collection of the hair clippings. The clipper is 
similar to the terrestrial barber type. The unit used for vacuum collection is 
the power module used on Skylab. A hood is employed over the clipper area to 
assist in the pickup of the hair clippings. 
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CONCEPT / ItSLl'C'} 


APPLIANCE CONCEPT REQUIREtirNTS AND PENALTIES CALCULATIONS (CONCLUUEO) 

(tfiCL£ZZ/70A/ INDEX NUMBER 2,3.2. 
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(D . CD © 

WT/UNIT (REF) WT/CYCLE VOL/UNiT (REF 
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SPACECRAFT 


Shuttle 


HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY' FUNCTION Pprf^nnal Grnnnnn 
APPLIANCE FUNCTION Hair Cutting^ 


APPLIANCE CONCEPT NO. /TITLE 2/Razor-Comb/Vacuuin Collection 

INDEX NO. 2. 3. 2. 2 REF. NO. 236.207 

DESCRIPTION 

The comb/vacuum collection concept consists of a razor comb with a hand-held 
vacuum pickup device. The concept requires two' men to operate which is 
disadvantage from the crew Lime aspect,, The unit used for vacuum collec 
is the power module used on Skylab. 
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f • APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS 

CONCEP T CoUCjg, CT<o»J 
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CONCEPT 


APPLIANCE CONCEPT REQUIREMENTS AHO PENALTIES CALCULATIONS’ (CONCLUDED) 

(U>cc,e'C/yoA^ index number Z-3.Z.2, 
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. APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS - o 

CONCEP T index numbe r 




h t‘£ £ I . 

R I C A L 

POWER 
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' , TOTAL 
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(BTU/HR) 
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/: 


SOURCE, 
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3 . 2 ^ 
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HABITABILITY SUBSYSTEM 2.0 Personal Hygiene 

JIABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION ’2-3.3 Nail Care ^ 

NUMBER OF CONCEPTS CONSIDERED ' 2 

*■ 

ASSUMPTIONS ■ ' . ■ 

(1) The nail care concepts considered are manual operations using bag and 
vacuum collection of nail clippings, 

•(2) The study assumed nail cutting once every 14 days. 

(3) Nail cutting is assumed to take 5 minutes per use. 
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SPACECRAFT_J 'Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Nail Care ^ ^ 

APPLIANCE CONCEPT NO. /TITL E 1/Manual Nail Clipper/Baq Collection 

INDEX NO. 2.3.3. 1 REF. NO. 236,207 

DESCRIPTION . . 

The manual nail clipper/bag collection concept consists of a terrestrial type 
nail clipper enclosed by a bag to contain nail clippings. The bag incorporates 
a finger cuff and ring to form a seal around the finger during nail cutting. 

The collection bag is transparent to observe nail clipping. 
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7 • miwia CONCEPT requirehents m penalties calculations — ^ , 
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REQUIREMENTS 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS {CONCLUDED) 

fJAlL auPP &< 2 . /<gWc5 COLU ^ cr ^ OA / index numuer Z .^. 3.1 


iiXED W£iGHT/VOLUHE REaU-iREHENTS 
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© • © ® 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Nail Care .. 

APPLIANCE CONCEPT NO. /TITLE 2/Metal Nail File/Vaciiuin Collectinn 

INDEX NO. 2. 3. 3.2 REF. NO. 236.207 

DESCRIPTION ■ / 

The metal nail file/vacuum collection concept consists of a nail file with 
vacuum collection of nail fi.lings. The file has a hood around the file to 
improve the vacuum collection efficiency. The concept is penalized for a 
vacuum unit based on operating time. The vacuum unit used is Identical to 
the Skylab power module. 
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APPLIAHCE CONCEPT KEQUIREHENTS Af<D PENALTIES CALCULATIONS 

/jail, cacLt^cr^OA^ index nuhder 2.3,2,Z 
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DEMAND 

(WATT-HR/ 
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THERMAL 

TO COOLANT 
(BTU/HR/CYCLE) 


ELECTRICAL 
(PK WATTS/CYCLE) 


HEIGHT 

(LB/MISSION) 


# ' 

i//)coom PtyjJeTt ..jSJa. • - — '• US \.DZ=. 



WATT (BTU/HR) 


VOLUME 

(ftVmission) 






TOTAL 




WATTS/CYCLE 

(BTU/IIR/CYCLE) 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


US. 


*00^ 

(LB/KISSION) 


OASA 

mVmi^n 

(FTVmSSION) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT 2/^/g;>:i9/:. /= ‘/L£-/l/^^OLl/f1 COL.C(TCr-( INDEX NUMUER_g^.,.g^^ 


COMPONENT 

■ ' FJLe : / M.GQii. 


W£i”£kl/V2,LUHE REftUiREHENTS 


•(REF) 


WEIGHT 

(LBS) 


VOLUME 

(FT3) 


TOTAL 


.S^ 0>z) 

KG (LBS) 


% 

.oo( Q<yfd 

M3 (FT3) ' , 


TYPE 

hUA. 


SOkiD expendable wt/vol r 


units/cycle(ref) 


© 

WT/UNIT (REF) 
(PKG.WT/UNIT)(REF) 
(LB). 


. © 

WT/CYCLE 


EaUiREHENTS 

® 

VOL/UNIT (REF) 
(PKG,VOL/UNIT)(REF) 
(FT3) 


VOL/CYCLE 

f/r.f 


L® 


TOTAL WT/CYCLE 
• (LB) 


E® 


TOTAL VOL/CYCLE 
• (FT3) 


TOTAL WT. . . , I 

“HTfSIoTr ■ X X : 1 , 

CYCLES/DAY DAYS/MISSION TOT.UT/CYCLE KG (LB) 

(LB) 

TOTAL VOL . I 

MISSION X '-x : • , . 

CYCLES/DAY DAYS/HISSION TOT. VOL/CYCLE MMfPT 

(FT3) 


TYPE 

M/A. 


DAS/LiaUiD expendables RE9,UiREMENTS 


© 

© 

RECOVERY 

AHT.RECOVEREO/CYCLE 

AHT.USED/CYCLE(REF) 

@x(|) 

' (LB) 

* 

FACTOR 

(LB) 


® 

AMT LOST/CYCLE 

®-( 3 ) 

(LB) 


E® 


TOTAL WT_i. . 

■"MlkWN X 

cy^TeToAy 


E® 


X ■ 

DRYS/MISSIOH Y(5TAL LOST/CYCLE 

(Z (2» (LB) 


V 


(r ® 


KG (LB) 
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/ 

HABITABILITY SUBSYSTEM 2.0 Pcrsoiml Hygiene ^ 

HABITABILITY FUNCTION 2.3 Personal Grooming 

•# .......i ■ — - 

APPLIANCE FUNCTION 2.3.4 Teet.hbrushina 

• • 

NUMBER OF CONCEPTS CONSIDERED 3 

ASSUMPTIONS 

(1) The dental concepts are manual and electric. Manual brushing and v/ater 
flushing are the concepts considered by the study. 

(2) The study assumed four brushings per day per man. 

(3) Teethbrushing is assumed to take 5 minutes per brushing. 

(4) Dental floss is provided for each concept for cleaning the crevices of 

the teeth. Each crewman is supplied a number of 50-foot rolls of dental 
floss as determined by mission length. The usage is based on approximateTy 
one foot per day per crewman. ' 
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B2-296 


I 


f 






! 

‘ O 
! O 


^ D 


appliance concept fUNcTlON MaTRU 


_1H0E* -NUf _2*3«** ••••- TEETH BHUSHlNa IShUTFLeI 


^CONCEPT usage 
NO* time 


COJ^SUmabUES aNU FL0>» RewUjKEMENTS 


THEKMaL KeUmTS 


ELEC PwR RewmTS «T/vol Re«hTS oe'^euophenT RESUPfi^r 

COST 


AMT* PA PWR AVG par 

_UStS/DAt.,.I.TPX USED TiOR PKESS TEHP cOOUaNT,.. HI LEaR AC AC «E I GHT_V OLUMe , a VA lU. 1 ND£ G«T 

HRS/USE U) •KG/USE- • •HHHG- -PEG •AATTS- -^aTT?- DC OC -kG* -C'^ «•••» -KG- 

iLS/USEr - ~i#) JPSIGJ . tOEG FJ . (STU/HR) <&TU<ThR) -*aTTS- • -ftATTS- - FUBS ) (C^ FT ) - - ^ — (LfiSj 


>44«coa- 

• U62 


-0* 0* • - 

□*) C 0*) 


|6*0G0 
*082 - 


• OS^T 


»68 |SS1»H 2|*i 


0* 


6* 


,0~ 

• 0 

2‘*»0 


•0 


6*9 — — *03 1 

0 — 

,0^ 

1H*0) ( S«20) 


C *01 

1*2 *00 1 

20 

•0 

- * 2*7)-F *09» 

— 

— ^ ,0» - 


r\ 

O ' 

o 

o ; 

O 

#• 

O ' 

o t 


»4^*000- 


• 082 


0«) ( 7«) 


-4*0- 

• 0 


-5*9- 


-•01 1 - 


- 10 - 


•0 ( I J»0) i «37) 


*0 — 
•0> 




APPLIANCE 

_CONCEPT 

NO, CONCEPT Name 



:*) 

1 - CABIN AIR 

(CIRCULATED), LITERS/SEC (FT^/MIfl) 

2 - CABIN AIR 

(LOST) , KG/HR 

(LB/HR) 

3 - OXYGEN 

(LOST) , KG/HR 

(LB/KR) 

4 - COOLING WATER 

(CIRCULATED), KG/HR 

(LB/HR) 

5 - WATER 

(LOST) , KG/HR 

(LB/HR) 

6 - NITROGEN 

(CIRCULATED), KG/HR 

(LB/HR) 

7 - NITROGEN 

(USED) , KG/HR 

(LB/HR) 

8 - FREON 

(CIRCULATED), KG/HR 

(LB/HR) 

9 - WATER 

(PROCESSED) , KG/HR 

(LB/HR) 



(***)COST 

(**)AVAILABLE 

INDICATOR 

(1) AVAILABLE 

0-25% 

(2) STATE OF THE ART 

25-50% 

(3) SOME DEVELOPMENT REQUIRED 

50-75% 

(4) EXTENSIVE DEV. REQUIRED 

75-100% ' 


. h -' 

r - 
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appliance 

_CONCEPT 

NOt 


N A H E 
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I 
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c 


C ON C E P T 

1 •• TOOTHPASTE VMTH 0ENTIFR5CE 

2 * WATER P ! X . 

3 - electric toothbrush 




Dental (Shuttle) Concept Trade 
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DESCRIPTION • . . 

The toothbrush with dentifrice concept consists of a terrestrial’ type toothbrush 
with dentifrice. The dentifrice is digestible to be nonhazardous if accidentally 
swallowed and is dispensed by a roll-up tube. Mouthwash is also provided in 
a soft plastic "squeeze bottle." One squeeze bottle per each crewman is pro- 
vided for hygiene reasons. The-mouthwash is used to mix with the dentifrice 
and is expectorated into a sink or fecal collector. This concept has flown 
on Apollo., 
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• / • APPLIANCE CONCEPT REQUIREHENIS AND PENALTIES CALCULATIONS 

CONCEPT /'TfxaTVA'B.'^vssu Vo gu t5eviTvF-'eac€ • 


INDEX NUMBER Z , ^ , | 


COMPONENT (REF) 

« Vvj/a». » . ■ 


ikiCTRTCAl POWER B.I.9.1ii£L!li.NTS 


use9ime 

CYCLE 

(HR) 


AC. POWER 

0 0 DE®D 

PEAK AVERAGE ^CYCLEr^ 

(WATTS) (WATTS) @X(3) 


0 

PEAK 

(WATTS) 




POWER 

© 

AVERAGE 

(WATTS) 


DEMAND 

(WATT-HR/ 




• 





MAXIMUM 


TOTAL 

MAXIMUM 

TOTAL 


SOURCE 

' >^A 


THERMAL 

REQUIREMENTS 

• 


LATENT 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 


TOTAL _i_ ■ ■ ■■ 

WATT (BTU/HR) • WATT (BTU/HR) WATT (BTU/IIR) WATT (BTU/IIR) 


SOURCE 

NT /ik 


OPLEAIiONAL E-iNALTIES 


HEAT LEAK 
(BTU/llR/CYCLE) 


THERMAL 

TO COOLANT 
(BTU/llR/CYCLE) 


ELECTRICAL WEIGHT 

(PK WATTS/CYCLE) (LB/HISSION) 


VOLUME 

(ftVmission) 


TOTAL ^ 

HATTS/CYCLE WATTS/CYCLE 

.. (BTU/llR/CYCLE) (BTU/llR/CYCLE) 

B2-302 


KG/MISSION HVMIS510N 

(LB/M1S510N) (FTVMISSION) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEP T / /Toptm i>e/^r/^,e/ccr index numbe r 2, S. 4. / 




COMPONENT 

'TO£>72 l B/S L^ S. y - 


tlXED WEJLGHT/VOLUHE RiaU.iEitl£!ili 


«(RC:) 

C ^ 3G)- 


WEIGHT 

(LBS) 

MB£- 


JZ.3. 


VOLUME 

(FT3) 




TOTAL 


04.! s) 


KG (LBS) 


.035 Q.Z3) 


M3 (FT3) ' . 


y 


TYPE 


TOTAL WT. 

“rnssfoN 


TOTAL VOL 

mTssIcTn 


SOLID expendable WT/VOL RiOlUiREMENTS 

® . (D © ® 

WT/UNIT (REF) WT/CYCLE VOL/UKIT (REF) VOL/CYCLE 

(pkg.wt/unit)(ref) @x(|) (pkg.vol/unit)(ref) (px(p 


UNITS/CYCLE(REF) 


(LB). 




(FT3) 




TOTAL WT/CYCLE 
(LB) 


E® ^CO.L 

TOTAL VOL/CYCLE 
■ (FT3) 


/c. 

X 

i 

vd 

«| 

1 

! 

. O 3 ' 

1 5.SS 

U2.Sl\ 

CYCLLS/DAY 

DAYS/MISSION 

T^KT/CYCLE 

(LB) 

KG (LB) 



X Zo. 5 ■ X 

.OC?( 

1 

7,323) 

CYCLES/DAY 

DAYS/M1S3I0N 

TOT. VOL/CYCLE 

/r-rT \ 

FPTft’’) 



EEi/LiaUiO expendables RiaUiREHENTS 
® ■ ® 


TYPE 

M/A- 


AMT.USED/CYCLE(REF) 
' (LB) 


AHT.RECOVEKtn/CYCLE 


RECOVERY 

FACTOR ^(LB' 


(D,X^ 


AMT LOST/CYCLE 

®-( 3 ) 

(LB) 




E® 


2 ® 


TOTAL HT. 

"Hi^sror 


X X 

CYCLE/O'SY ' DAYS/MlSSIOir" TOtAL LOSTyCYCU 

• ■ » 0) 


(LB) 


(r © 


KG (LB) 
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SPACECRAFT 


HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Groominc 

APPLIANCE FUNCTION Teeth Brushing ■ 

APPLIANCE CONCEPT NO. /TITLE 2/Water Pix ! 


INDEX NO. 


2 . 3 . 4. 2 


REF. NO. 


236,207 


DESCRIPTION 


The water pix concept is the same as the terrestrial type. One unit is 
provided with individual tips for each crewman.. The unit is plumbed with 
water and wired electrically for power. The water pix creates a high velocity 
spray which is directed at the tooth crevices to loosen debris. The water is 
collected in the mouth and expectorated into a sink or fecal collector. The 
water is assumed to be recoverable by the study with the exception of the water 
loss due to suspended solids. 
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APPLIANCE CONttPT RtQUIREHENIS A/)0 PEHAUIES CALCULATIONS . ^ r, A 

Z/lOP)TC^ P/)T J ■ . _ INDEX NUhBER 3, 1. Z. 


COMPONENT 


(REF) 


E L E C T R 

ICAL POWE.R 

AC . P o’ W 

iiani R I 

E R 

MEN IS 

DC P 0 W 

OSE^ME 

© . 

(3) 

DE|S?ID 



CYCLE 

PEAK 

AVERAGE 

(WATT-HR/ 

CYCLE) 

PEAK 

.AVERAGE 

(HR) 

(WATTS) 

(WATTS) 

(jixCS) ' 

(WATTS) 

(WATTS) 

...0.63- 


2^ 

Z.O 

— 

— — 


MAXIMUM 


Z.O 

TOTAL 


MAXIMUM 


DCtWID 

(WATT-HR/ 

CYCLE) 

Qx© 


TOTAL 


E.EQ_UiRL!li!!.Is 




SOURCE 


LATENT 

(BTO/HR) 


SENSIBLE 

(BTU/IIR) 

- z ^_ 


HEAT LEAK 
(BTU/HR) 




TO COOLANT 
(BTU/HR) 


TOTAL 


WATT (BTU/HR) 

* 


7.9 fe 7) 

WATT (BTU/HR) 


WATT (BTU/HR) 


• WATT (BTU/HR) 


SOURCE. 




OPERATIONAL 


PIN alii ES 
'■ ELECTRICAL 


WEIGHT 


‘ THERMAL 

HEAT LEAK . TO COOLANT 
(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSIOH) 


VOLUME 

(FTVMISSION) 



TOTAL 


WATTS/CYCLE 

WATTS/CYCLE 


KG/MI SSI CN 

MVMISSir.N 

. (BTU/HR/CYCLE) 

(BTU/HR/CYCLE) 

• 

4 

(LO/HISSIOH) 

(FT>/M15SIO:i) 


• B2-305 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 
CONCEPT ^ / ITM P/ y' INDEX NUMBER 


HiiS.!lI/VOLUHE B.iat!;iR£!lE{lIi 

WEIGHT VOLUME 

COMPONENT .(REF) (LBS) . (FT^) 

juJiiroe. P/X ^ss</. (z3^) Z.72. .^o.9Z^ 


»♦ 



TOTAL 


(ZJZ] 

KG (LBS) 


. OOZ^ Co9Z^) 

M3 (FT3) ' , 


TYPE 

iM/A 


SOLID EXPiNDABLE WT/VOL iiaUlREMEHTS 


CD 

UNITS/CYCLE(REF) 


© 

WT/UNIT (REF) 
(PKG.WT/UNIT)(REF) 
(LB). 


. @ 

iTT/CYCLE 

Ci)X(|) 

(lbT 


® 

VOL/UNIT (REF) 
(PKG.VOL/UNIT)(REF) 
(FT3) 


VOL/CYCLE 



2® 


TOTAL wr/CYCLE 
• (LB) 


TOTAL WT. ^ 

TnssioN " _ 


X 

_ X _ 

\ 


CYCLtS/DAV 

OAYS/MISSION 


TOT.WT/CYCLE 

(LB) 


TOTAL VOL _ 
MISSrON _ 


_ X _ 





CYCLCS/DAY 


DAYS/MISSION 


TOT. VOL/CYCLE 
(FT3) 


r® 


TOTAL VOL/CYCLf 
• (FT3) 



"] 

WJvi) 


f 



Z) 




iAi/LiS.UiD expendables RECLUIREHENTS 

© • © 


TVPE 

T€/2 . 


AMT.USCO/CYCLC(REF) 
■ (LB) 

■ :izs . 


RECOVERY 

FACTOR 

.M/A— 


© 

AMT. RECOVERED/CYCLE 


®X, 

(LB 

MM. 


B? 


® 

AMT LOST/CYCLE 
©-6 
(lbT 

-ulZS. 


'i 


D® ,Z25L 


E® J ^S . 


TOTAL HT. , 

“HlYsTOr 


"c'TaOTT 


X X _ 

~DAYS/M1S'SI0N TCfd.OST/'fYCLT 


z .< 24 -_ • ...A. I ^ ' I ^0 

in<;Tri'7?Tr KG^LBT ^ 


(r 


(LB) 


(r CD 


V 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Personal Hygiene H ABITABILITY FUNCTION Personal Grooming 

APPLIANCE FUNCTION Teeth Brushing^ .. 

APPLIANCE CONCEPT NO. /TITLE 3/Electric Toothbrush with Dentifrice 

INDEX NO. 2. 3. 4. 3 REF. NO. 236,207 

DESCRIPTION 

The electric toothbrush vnth dentifrice concept consists of a motor-driven 
toothbrush with individual brushes for each crewman. The same dentifrice 
and mouthwash used for Concept 1 are utilized for this concept. ' The vibratory 
action of the toothbrush has the advantage of massaging the gums as well as . • 
cleaning the tooth. The unit is wired electrically to provide power to the • 
unit. . • ' 
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. APPLIANCE CONCEPT REQUIFIEMCNTs'anO PENALTIES CALCULATIONS ^ 

toHcm 3/£'cecrA^/<i lo/t^ DG^J7J/^/2rc<r index nukber Z.3.9.3 


li.L£l£i£-Ak POWER REaUJLREHENTS 

. J AC. POWER n C POWER 


riHE 


COMPONENT (REF) 

_/}^OToE (23Q .) 


CYCLE 

(HR) 


(D 

PEAK 

(WATTS) 


(D 

AVERAGE 

(WATTS) 


■~ 3 T~ 

DEMANC' 

(WATT-HR/ 

CYCLE) 

(XixCa) 


© 

PEAK 

(WATTS) 


.AVERAGE 

(WATTE) 


OrJ— 

DEMAND 

(WATT-IIR/ 

CYCLE) 

d)XQ) 


MAXIMUM 


X. 


TOTAL 


MAXIMUM 


, TOTAL 

t 


Ili££!l£k' ££9.ui££tl£Nls 


SOURCE 


LATENT 

(BTU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 






A.a.s 


TOTAL 


WATT (BTU/HR) 


/.fg ^c..^si — 

WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) 


OPERATIONAL PENALTIES 




SOURCE. 

-U/A 


THERMAL 
HEAT LEAK TO COOLAfIT 


(BTU/HR/CYCLE) 


ELECTRICAL 


WEIGHT 


(BTU/HR/CYCLE) , (PK WATTS/CYCLE) (LB/MISSION) 


VOLUME 

(ftVhission) 




TOTAL 


WATTS/CVCLE 

(BTU/HR/CYCLE) 


WATTS/CYCLE 

(BTU/HR/CYCLE) 


KG/HISSION 

(LB/MlSSION) 


MVmSSION 

(FTVHISSION) 
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APPLIANCE CONCEPT REQUIHEHENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

tmzin ,3 /(ftecr/2/£i Tor: )n^^USh> cO/7/:^ pe’^^r/f=72/ce~ index nuwder 2^ .3. 4. 3 


£,iii£ K£i£!lI/iOLUME RESUiREMENTS 


COMPONENT .(REF) 


WEIGHT 

(LBS) 


-^■■7 

IZ^ 1 


VOLUME 

(PT 3 ) 






TOTAL 


5:9 


Q3^o) 


, 0 ( 0 '^ ( 310 ^) 


TYPE 

£> e 7 rr / P £/ c :( r / 

TtiCCJTUtd^S-jJ 


SOLID expendable 

© 

^ WT/UNIT (REF) 

■ (PKG.WT/UN1T)(REF) 
UHITS/CYCLE(REF) (LB). 


KG (LBS) 
MI/VOL 


M 3 (FT 3 ) ' , 


REQUIREMENTS 

• ® ® 

WT/CYCLE VOL/UNIT (REF) 

© (PKG. VOL/UNIT) (REF) 

(lbT (ft3) 



© 

VOL/CYCLE 


2 ® 




total WT/CYCLE 
• (LB) 


E ® .00/ 

total vol/cycle 

• (FT3) 


"RISSION ■ /& X X .037^ 

CYCLES/OAY DAYS/MISSION TOT. WT/CYCLE 

(LB) 

T0TAL_V0L . , y ^ 

~MrssidiC /& x_ 2<0. 5 X ,OOl 

CYCLES/DAY DAYS/hITSION TOT. VOL/CYCLE 

(FT3) 


5:53 f/z^sW 

— ^ 


009 3 f-sm 

(FT^) ^ 


TYPE 


iAS/kiaMiO . ikPEHOABLES 


© 

AMT. USED/CYCLE (REF) 
' (LB) 


• © 
RECOVERY 
FACTOR 


requirements 

© 

AMT. RECOVERED/CYCLE 


® 

AMT LOST/CYCLE 
®-6 
(ldT 




TOTAL WT. 

“Mirsw 


£© 


CYCLE/OAY' 


DAYS/HlSSlW 

T 


TOtTOTstTCycle 

{£ ( 3 » 


E® 


(LB) 


(r (D 


Kirnry 
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